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PREFACE. 



Every practising physician constantly sees cases which should 
be sent to a health resort, there to gain the benefits of the mineral 
waters or change of climate. In other instances he sees clearly that 
remedial measures, such as the application of heat and cold, baths, 
or electricity, will be of greater advantage to his patient than the 
administration of drugs. 

Information concerning such resorts and methods has been scat- 
tered and fragmentary, and as a result they have been too much 
ignored. The object of this book is to provide in a concise form 
just what the physician needs in this respect. Written by one of 
the foremost therapeutists of the day in Europe, it embodies not 
only his own views, but also those held by Beni-Barde, Fleury, the 
brothers Delmas, and Wintemitz in the Chapter on Thermic Agents; 
von Vivenot, Lombard, H. Weber, and Lindslay in the Chapter on 
Aerotherapy and Climate ; and by Durand Fardel, Leichtenstern, 
Le Bret, and Rotereau on Mineral Springs. In the portion devoted 
to Electricity the views of standard writers are linked with those 
of the author. 

It has been the aim of the Editor to render the text applicable 
to the needs of the American physician, particularly by the addi- 
tion of articles on American Climate and Mineral Springs, and 
in this effort he trusts he has succeeded. 

222 South Fifteenth Street, Philadelphia. 
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ATMOSPHERIC PRESSURE AS A THERAPEUTIC AGENT. 



It is a well-known fact that the higher we rise above the level of 
the sea the more rarefied becomes the atmosphere, and the less the 
pressure upon the surface of the body. At an altitude of 5500 
metres the weight of a litre of air is only half as much as at the 
sea-level, and conversely there is an increase of pressure and in air- 
density as we descend below the level of the sea. 

Each condition, that of augmented and that of diminished atmos- 
pheric pressure, brings about modifications in the gaseous interchanges 
in the lungs and tissues, and consequently in the functions of the 
body. For this reason altitude constitutes a very important factor 
of climate, one which must always be taken into account when we 
study climate from a therapeutic standpoint. 

Very ingenious apparatus is now manufactured which to some 
extent obviates the necessity of a change of residence, and enables 
the patient in some instances to obtain at home the requisite modi- 
fications of atmospheric pressure. The application of these artificial 
means for therapeutic ends constitutes aerolherapy. 

The methods employed in aerotherapy create conditions which 
differ sensibly from those produced by a change of altitude, for we 
are able at will to provide compressed or rarefied air, while residence 
on a mountain supplies only the latter. Again, the influence of 
climate is continuous ; but in the case of aerotherapeutic measures 
the duration of compression and of rarefaction of the atmosphere 
can be controlled and limited. Finally, we can permit the aero- 
therapeutic agents to act upon a single part, as, for example, the 
respiratory system, or upon the entire surface of the body. 

The bath of compressed air is patterned after and was suggested 

by the diving-bell. According to Aristotle, it was known in his day, 

although its discovery is generally attributed to Sturmius, who lived 

in the sixteenth century. 
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Iu 1786, Smeaton made use for the first time of the force-pump, 
with the purpose of supplying a diving-bell with the air necessary 
for respiration. 

The effects of compressed air upon the ear and upon respiration 
were noted by Ha me 1 in 1820; somewhat later Colladon recorded 
the cure of a diver, whose breathing had been labored, by mcaus of 
the diving-bell. 

The thought to supply compressed air for therapeutic purposes was 
first conceived by Tabarie iu 1832; but his observations were not 
published until 1838. Junod, in 1835, described the first aerothera- 
peutic apparatus. He knew that respiration was facilitated by 
compressed air, that the vital capacity of the luug was increased, and 
that inspirations became deeper and less frequent. But in his 
apparatus compression and expansion were effected suddenly. On 
this account his method was severely criticised by the Academy of 
Sciences, largely in consequence of a report made upon the method 
by Magendie. 

In 1840, Tabarie founded the first establishment for aerotherapy 
at Montpellier. To him and to Pravaz, of Lyons, is due the credit 
for solving the practical difficulties of the method. They laid stress 
upon the importance of Improving the air and removing the pres- 
sure in a gentle and gradual manner, and designed appropriate 
apparatus to attain such a result. 

All excellent study of the physiological effects of this method of 
treatment has been made by von Vivenot. 

Although this method originated in France, it gained its first 
foothold elsewhere, particularly in Austria, Sweden, Scotland, Italy, 
Denmark, and Russia. Numerous establishments were founded in 
these countries. At the present time the method is also popular in 
France. 

The bath of compressed air is administered in pneumatic cham- 
bers constructed upon the principles of the diving-bell of Smeaton. 
In France Tabarie's apparatus, as modified by Fontaine, is the most 
popular. (Fig. 1.) It represents essentially a bell and a force-pump. 
The bell consists of a cylinder and two hemispherical cud-plates ; it baa 
a capacity of 8 cubic meters, and is closed by a door that opens from 
without inward. A U-shaped tube, one branch of which is within 
the chamber and one without, and which is half-filled with mercury, 
indicates the pressure that obtains in the chamber. The chamber is 
also provided with two other tubes— one for supplying air, the other 
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for ventilation. The former is connected with the hydraulic com- 
pressor of Fontaine, constructed after the one employed in the mines 
of Chemnitz. The air escapes through the ventilating-tube, which 
arises from the upper part of the chamber. At a single sitting of 
two hours an individual consumes 8000 litres of air. The changes 




in pressure are effected very gradually by means of stopcocks, and, 
as a rule, an increase of pressure corresponding to two- fifths atmos- 
phere is not exceeded. 

Physiological Effects. In studying the effects of compressed air, we 
shall confine ourselves solely to the con side ration of those produced 
by the aerotlicrapcutic apparatus. 

As the results of treatment by compressed air make themselves 
felt especially upon the respiratory organs, it is important to under- 
stand how the variations in the vital capacity of the lungs and in the 
forces of expiration and inspiration are estimated. The vital ca- 
pacity of the lungs is measured by an apparatus known as the spi- 
rometer ; that invented by Hutchinson, and first modified by Wiutrieh 
and subsequently by Bchsepf, is the one most widely employed. 
Recently the spirometer of Galante has come into extensive use. 

Instead of these somewhat delicate instruments, which have the 
fault that they do no always register correctly, Dnpont proposes the 
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use of a simple apparatus consisting of two bottles connected at their 
tower parts by a rubber tube, as shown in Fig. 2. These bottles 
should have a capacity of 4 litres (4 quarts). One of them is gradu- 
ated in cubic centimetres, and is closed above with a perforated rubber 
cork, through which a right-angled glass tube is passed. A rubber 
tube, provided with a stopcock and terminating in a funnel-shaped 
mouthpiece, is attached to the glass tube. 




Dnpont's Respiration Bottles. 



The open bottle is filled with water and then elevated so that the 
water flows into the second bottle up to the line marked zero. The 
stopcock is now closed, and the two bottles are placed upon the 
same plane. The patient takes an inspiration and applies his mouth 
to the funnel, opens the stopcock, and expires into the bottle. At the 
end of the expiration the stopcock is again closed. When the two 
bottles are so placed that the water in them is at the same level, the 
amount which is thereby made to flow into the graduated bottle 
indicates the volume of expired air at the pressure of the atmosphere. 

The method is not absolutely accurate, but commends itself on 
account, of its simplicity. 

The expiratory and inspiratory forces are determined by means of 
the pneumometer or pneumotometer. 

Marchal's pneumotometer consists essentially of a manometric tube, 
representing almost a complete circle, and communicating at its upper 
portion with a mouthpiece, from or into which inspiration or expira- 
tion is made according as the force of one or the other is to be 
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measured. Index needles serve to mark the diminution and tlie 
increase in pressure. (Fig. 3.) 

If the inspiratory force is to Ik determined) tlie needle is placed on 
the side marked inspiration, and with it also one of the maximal 
needles. Then, having made a strong expiration, the person applies 
the lips hermetically against the mouthpiece and takes the deepest 
inspiration possible. The index needle is displaced, carrying the 
maximal needle with it -, the latter remains at the extreme point, but 
the former quickly rebounds. Tlie number of degrees indicated by 




the maximal needle corresponds to tiie pressure iu centimetres of 
mercury. 

To measure expiration the stopcocks are reversed, and the needle, 
carrying a maximal needle with it, is placed on the corresponding 
side. The subject after taking tlie strongest possible inspiration ex- 
pires forcibly, and the second maximal needle indicates the result of 
the effort. 

With all forms of apparatus errors are possible ; it is important, 
therefore, always to use the same instruments and to employ them 
under identical conditions in order to obtaiu results that are com- 
parable. 
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As a rule, the inspiratory effort is less powerful than the expira- 
tory; according to Marchal, the ratio is 2 to 3. 

Moreover, the result of the effort is not DeeesBarily proportionate 
to the vital eapaeity, for the muscles of respiration may be vigorous 
in one possessing a relatively small vital capacity, and vice versa. 

By a different process Brtinniche has arrived at analogous results. 
Using the Waldenburg apparatus he found that a healthy adult with 
10 inspirations depressed the cylinder 50 com., while he elevated it 
to the same extent with only 7 expirations. Hence the inspiratory 
force is only seven-tenths of that of expiration, or a ratio agreeing 
very closely with that obtained by Marchal. 




When this ratio is modified it is the inspiration which is found to 
be relatively diminished by means of the existence of pulmonary 
lesions, or sometimes of a simple functional insufficiency of the upper 
parts of the lungs. 

fjfivt* it'tkt Air-bath. The first effect of the compressed air-bath 
is exerted upon the ears, and depends upon differences in pressure on 
the two surfaces of the tympanum. 

Patients generally complain of slight pain and buzzing : the pain 
ts not intense unless catarrh of the Eustachian tubes exists. After 
a short time equilibrium is re-established, but a slight impairment 
in acuity of hearing persists. 

The vow is altered, becoming a liule higher : whistling is diffi- 
cult. TSere » also a slighi diminution in the sharpness of taste, 
satcv'. and teach : .tod the patient grows somewhat somnolent. 
Foleit. hommsr. its observed :a some eases a state of cerebral ex- 
ciiecxc:. witi "iM^K-tty, 
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During the rise of the atmospheric pressure the space occupied by 
the intestinal gases, as Panum has pointed out, diminishes, the 
entrance of air into the thorax being correspondingly facilitated. 
This, according to P. Bert, is the only mechanical action produced 
by the compressed air-bath. However this may be, the respiratory 
movements become more ample and undergo a change in rhythm. In- 
spiration is rendered easier, expiration more difficult. The ratio, 
normally 4 : 5, becomes 4 : 6, 4 : 8, or even 4 : 11. The number of 
respirations is diminished, a phenomenon that persists for a time after 
the bath. 

During the period of constant pressure the number of respirations 
is decreased three a minute, according to some authorities, but P. Bert 
states that he has not been able to observe any notable difference in 
the number of respirations. 

The increased amplitude of the movements leads to an enlargement 
of the chest. Von Vivenot, in experiments upon himself, has noted 
an increase in the size of his thorax, as follows : After 20 minutes, 
3.29 mm. ; after 2 hours, 4.85 mm. ; after 5 sittings, 6.59 mm. ; 
after 17 sittings, 9.47 mm. 

The spirometer shows, moreover, an increase in the volume of the 
respired air, amounting, as Panum has determined, to 270 ccm. after 
the first bath, and augmenting after the second. 

The vital capacity likewise experiences an increase, which, in the 
mean, is 100 ccm., being most rapid in the beginning of the treat- 
ment In Von Vivenot's experiments the vital capacity within three 
months increased 700 ccm. Bert's experiments showed an increase 
of 7 per cent., while those of Regnard showed 11 per cent. Bert, 
however, holds that the pulmonary respiration in spite of this in- 
crease is not notably modified, since the fall in the number of respi- 
rations counterbalances the increase in the capacity of the lungs. 

Pravaz has shown that in order to obtain the best effects upon the 
respiration it is essential not to raise the pressure more than 38 ccm. 
of mercury. In practice it is not customary to exceed 30 ccm., and 
for women and children the pressure employed is even less. 

The influence of the heightened atmospheric pressure upon the 
skin and mucous membranes generally makes itself felt by anaemia 
of these parts, the blood being driven to the deeper tissues. 

The effects upon the pulse are, according to Pravaz, a transient 
and slight primary increase in its rate, followed by retardation. 

Von Vivenot gives as another effect the flattening of the sphyg- 
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mographic tracing, with a disappearance of the dicrotic wave. This 
phenomenon lias not been satisfactorily explained. P. Bert in his 
experiments did not observe it. In dogs he obtained an elevation of 
the arterial tension, but, as he employed much greater pressures than 
are used in therapeutics, the results cannot be accepted as conclusive. 
Nevertheless, it is probable that the work of the heart is increased 
in the compressed-air apparatus. It has been averred that the 
lymphatic circulation is also influenced* but such an effect has not 
been demonstrated. 

While some writers, especially the Germans, have attributed the 
effects of compressed air to mechanical actions, Bert sought to prove 
that they were the result of chemical changes produced by the 
entrance of the atmospheric gases into the organism through the 
medium of the bloxL The increased tension of the oxygen and 
nitrt^en, he asserts, leads to modifications in the gaseous constituents 
of the blood, and indirectly to changes in the nutritive processes, but 
h must surely he admitted that under the conditions of the com- 
pressed-air huh the chemical action which P. Bert invokes is re- 
stricted, aad only a part ot the general effect can be justly attributed 
to it. 

Paul Bert hi his experiments has dearly elucidated the nature 
and causes of the aceaieats resulting from exaggerated and from 
grossly redacted praams, but in practice <fidereat conditions obtain . 
In ihose experiments in which he remained within the limits of the 
pressure used in therapeutics* he noted only a very sl^ht increase of 
oxygen in the Kttod. This si^ht increase did not coincide with any 
sensible iao£iic*EMB in the excretion of carton dioxide. 

Tea YiveacC an* ofceaxaed a aa-an increase of 1~ in temperature 
dnrznr the c g a mpreas ed-air bath, but as Stemho records a similar de- 
crease, the point reaatias yet to be settled. 

Tht researches 5a regard to the excretion of nitrv^a are not sua?- 
cieBL Prrnai aad Haira state that there k an increase in the urea 
cxercsed. wbenas Fraabet denies this: so that the inluence oC eoat- 
pressed aEr :« lanrtska is pcocaiiy not grear Xeverrffc^essw its use 
ts as «5*« lave lie &aaeral beaith in a c£rcu:::as wa*\ It 
s iii* ascetEse asa isaaseas iisestxxa. Rxh i£* sack aai the 
orriiic -ntt use cc libe ireaiaKBi ear 3>oce *:sd ii**?t Kxier. 
* wrao. tt.hu z&h r»xrr-ws«£t3 is &«:ai to Hf ^Tjafcsed, ahi 
a^fr f^srr ^niVj^ail xrrrar a i^In^rVcc c-f 40 t; ^fl" 
cosernei Wits* libe rerluKas cc" a £T^*ip vC ptrksrs wa< SSenrxaL 
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Simonoff and Katschenowsky noted a loss in weight, but when the 
patients were allowed to follow their own inclinations the weight 
increased. In this respect the effects are analogous to those follow- 
ing the inhalation of oxygen. 

In conclusion, the pneumatic treatment favors rather than retards 
genera] nutrition; after a variable period of fatigue it causes an 
increase in strength and weight, and especially an increase in the 
power of the respiratory muscles. In addition, it exercises a seda- 
tive influence upon the nervous system. 

The duration of a bath of compressed air is generally two hours; 
of this a half-hour is employed for raising the pressure to the desired 
height, for another half to one hour it is kept constant, and during 
the remaining time it is gradually decreased. Ventilation should be 
active throughout the procedure. 

The elevation of pressure is ordinarily two-fifths to three-sevenths 
atmospheres (30 to 33 c.cm. of mercury). In the case of feeble per- 
sons a fifth of an atmosphere (15 to 16 c.cm. of mercury) is not ex- 
ceecieci. 

The duration of the treatmeat varies, and from twenty to more 
stances are necessary to obtain a permanent result. 

It is customary to giye one stance a day in the beginning; toward 
the end of the treatment one every two or three days suffice. 

Advancing emaciation, as well as an exaggerated appetite, are in- 
dications for the cessation of the treatment. 

Compressed air is useful in many affections. In diseases of the 
respiratory apparatus it is valuable by reason of its mechanical effects, 
while in constitutional diseases advantage is taken of its influence 
upon general nutrition. 

To its mechanical effects we may attribute (1) the diminution of 
pulmonary congestion in acute and chronic inflammations of the 
bronchi ; (2) the reduction in secretion from the respiratory mucous 
membrane; (S) the absorption of inflammatory exudates, especially 
those of pleurisy; (4) the augmented capacity of the lungs in em- 
physema, chronic catarrh, chronic pneumonia, and in certain forms 
of phthisis; (5) the increase in power of the respiratory muscles. 

To the chemical effects may be ascribed (1) the increased absorp- 
tion of oxygen, the utility of which is manifested in dyspnoeic states, 
and, more doubtfully, in anaemia ; (2) the greater activity in the pro- 
cesses of oxidation, which is of value in obesity, diabetes, rheuma- 
tism, and the convalescent state; (3) the sedative action on the ner- 
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vous system, for which trie increased absorption of atmospheric 
nitrogen is perhaps responsible. 

Many patients subjected to the treatment by compressed air have, 
in addition to emphysema and chronic bronchitis, a more or less 
prouounced cardiac affection. When the contractions of the heart 
arc strong no accident need be feared, but when the myocardium is 
weak the treatment should not be employed. Diseases of the kidney, 
the spinal cord, the liver, and the intestines have been considered 
contraindications to the treatment on account of the congestion which 
it engenders in these organs. But this is a purely theoretical view. 
The existence of a moderate fever, such as obtains in the subacute 
diseases of the air-passages, does not contra indicate resort to the 
treatment. When, however, the fever is high or hectic in type the 
use of compressed air should be suspended or entirely abandoned. 

The bath of compressed air mentioned already necessitates the 
employment of a ponderous apparatus, such as can only be used in 
>]H'ri;il establishments. Minvover, bv this method, as it acts upon 
the entire bodv, the respirators" svstem is not very markedly influ- 
enced. The so-called portable apparatuses that have been devised 
are less complicated, and exert their mechanical effects more directly 
upon the luugs. Iu their application the active collaboration of the 
patient becomes a factor, but as the manipulation of the apparatus 
is simple this causes him no inconvenience. 

The portable apparatus should be so constructed that the air can 
be compressed or rarefied at will, for it thus furnishes a form of 
respiratory gymnastics. More varied effects can be produced by this 
apparatus, and it fulfils more Judications than the compressed air-bath. 

The effects the apparatus enables us to produce are : 

(1) Increase of intra-thoracic pressure by inspiration of and 
piration into compressed air. 

(2) Diminution of intra-thoracic pressure by inspiration of and 
expiration into rarefied air. 

(3) An alternate increase and diminution of intra-thoracic 
by combining these means. 

The combination most frequently utilized is inspiration of 
pressed air and expiration into rarefied air. 

The first apparatus for the application of pulmonary gymi 
was invented by Broesicke, of Berliu, in 1857, but Hauke, of Vieni 
in 1870 contributed the first portable apparatus. The Dumber 
different forms upon the market is now very large. 
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One of the best known ia that o£ Waldenburg (Fig. 5). It is 
constructed ou the principle of the gasometer, and furnishes both 
compressed and rarefied air, but does 
not permit the alternate use of them. 

Cube has combined two gasome- 
ters, one giving coin pressed, the other 
rarefied air, and Weil, with the same 
end in view, has joined two Walden- 
burg apparatuses. The apparatus of 
Schuitzler is only a modification of 
that of "Waldenburg. 

The double ventilator of Geigel 
and Mayr is constructed on the prin- 
ciple of a wheel, and supplies both 
forms of air. It is considered in 
Germany the most practical appa- 
ratus. 

[The best compressfd-air apparatus 
that we know of used in America is | 
that devised by S. Solis-Cohen (Fig. 
6), winch he describes as follows : 

The air-chamber is 8 inches in 
diameter and 24 inches high. The 
wator-i'liamber is pierced at the level 
of the base of the overflow tank (7 
inches from the top) with a row of 
perfo rat ions, allowing the water to 
escape into the tank under pressure 
of air in the air-cylinder. A glass 
tube connected with the tank shows 
the level of the water therein, and by 
means of a scale painted on the outer 
surface of the tank acts likewise as a 
gauge showing the pressure. The air- 
cylinder carries, 2 inches from its open 
base, two shelves, one on each side> 
on which are placed Ira 1 last- weights 
for the purpose of lowering the centre 
of gravity and thus maintaining the steadiness of the apparatus. 
" "\ shelves and weight are perforated to avoid undue resistance 
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of water. As the area of the top of the air-chamber is just 50 square 
inches, atmospheric pressure upon it equals, in round numbers, 750 
pounds. With the ballast upon its shelves the cylinder weighs 10 
pounds, giving an excess pressure of ^ atmosphere. Weights are 
furnished in two sizes in the shape of rectangular blocks of iron 
about 4J inches by 2 inches surface, and about J inch thick and 1 
inch thick, respectively. The smaller ones are bored out to weigh 
1 \ pounds each ; the larger ones to weigh 21 pounds each. 

Being placed on top of the air-chamber in successive pairs (one on 
each side, to preserve balance), they bring the pressure up to any 
desired amount not exceeding plus ^ atmosphere. Thus : 

Cylinder and bottom weights = + ^ atmosphere. 

2£ pounds (2 small weights) additional = 12 J pounds + *V atmos- 
phere. 

2£ pounds (2 small weights) additional = 15 pounds + ^atmos- 
phere. 

Sf poonds (1 small weight and 1 large weight) additional = 18} 
pounds -f- -fo atmosphere. 

6£ pounds (1 small weight and 2 large weights) additional = 25 
pounds + -fa atmosphere. 

The air-cylinder is furnished with two goose-necks (Fig. 7), one 
(8) for the attachment of the tube (6, 7) from the bellows, conveying 
compressed air; the other (9) for attachment of the tube (10, 11) 
connected with the stopcock (12, 13) and face-mask (14) or mouth- 
piece, through which the patient inhales. A perforation 2 inches in 
diameter is fitted with a screw-cap carrying a hook on which may be 
placed a sponge saturated with any volatile medicament (e. g. y tere- 
bene) that may be desired. The cap likewise contains a smaller per- 
foration, into which a manometer may be fitted. When the gauge is 
not in use this is closed with a rubber plug. Still another perforation 
in the top of the air-chamber is fitted with a valve that permits escape 
of air should too much be sent over from the bellows. This valve, 
which is superior to my own arrangement for the same purpose, is the 
ingenious device of Mr. F. Metzger, of Philadelphia, who now makes 
the apparatus in every respect according to my instructions, and 
who has devoted much time and care to the details of construction 
in order to secure both strength and lightness. The escape-valve is 
composed of two flat plates of brass, the upper perforated, the lower 
imperforated. They are held in apposition by a spring, and when 
in apposition no air escapes. The lower plate carries a chain 35 
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inches long, to which is attached a weight that rests upon the floor 
of the water-chamber. Should too much air enter the cylinder, lifi> 
ing it too high, the plates are pulled apart, the air escapes through 
the perforated plate, and the cylinder falls to the proper level. This 
obviates any liability to splashing of water, which before this attach- 
ment was made would occur if attention were not paid to a line 
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painted on the cylinder to indicate cessation of pumping. By nieanB 
of the automatic escape-valve we are enabled to introduce a continu- 
ously acting pump if desired. 

As an additional precaution against splashing the nir-chamber and 
overflow tank are each provided with a deflecting hood about an inch 
anil a half wide and inclined at an angle of 45 degrees. 

The second gasometer is for expiration into rarefied air. The con- 
nection with the bellows is reversed, so that the latter takes air from 
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the gasometer and delivers it into the room or the street, and the 
air-chamber is suspended from a small pulley and counter-poised 
with weights varied according to the desired negative pressure. The 
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Sectional PUirram of S. Soils-Cohen's Apparatus for Pneumotherapy. 



mechanical arrangement of pulleys and weights, the device for ad- 
justing the weights, the lowering of the outer water-tank (now a 
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reservoir, and not for overflow), etc., are so obvious and so easily 
understood by looking at the figure (" Rarefied Air," Fig. 7) that a 
description in detail is unnecessary. Mr. Metzger has used a wire 
rope in preference to one of hemp. The combination of the two gas- 
ometers into one instrument is effected by means of a bellows which 
at the same stroke compresses air for delivery into one cylinder and 
rarefies air in order to exhaust the other cylinder. It is in reality 
two bellows mounted back to back on the same frame. The down- 
ward stroke of the lever compresses the upper bellows and expands 
the lower one. The recoil of the spring in the upper bellows ex- 
pands that one and compresses the other. There is no communication 
between the two bellows. By means of a tube (2, 3) passing out of 
a window-board (1), the external opening being protected with wire 
gauze, the supply of air for inhalation is drawn from out of doors. 

When both instruments are used together, being brought into 
•communication through the lungs of a patient by means of a double 
stopcock connected with a face- mask or mouth-piece, the route for 
the air is as follows : 

(a) From the street, (6) through the upper bellows, (c) to the com- 
pression gasometer, (d) thence to the lungs, (e) from the lungs, {/) 
through the rarefaction gasometer, (g) to the lower bellows, (h) which 
£xpels it into the room or into the street. 

The compression and rarefaction are virtually made in the respec- 
tive bellows. The gasometers act to a certain extent as reservoirs, 
but chiefly as intermediate regulating chambers, rising and falling to 
maintain a constant pressure in exact accordance with the weight 
placed upon them, and independent of the volume of air inhaled or 
exhaled. Their available capacity is a little more than 800 cubic 
inches. 

For purposes of observation, sufficiently accurate for clinical com- 
parisons, though not for physiologic data, the air-chambers carry a 
scale of cubic inches, enabling us to see the approximate volume of 
air inhaled or exhaled at each respiration. Apparatus for warming, 
chilling, drying, moistening, or medicating the air to be inhaled may 
be interposed at any desired point between the window and the 
patient. The most convenient method of medicating the air is by 
means of the sponge, as described. A variety of other methods 
are applicable. Thus a volatile medicament may be placed in or on 
the water contained in a Wolff bottle, through which the air is 
passed ; or the spray from Oliver's vaporizer, may be thrown into 
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the inspiratory current by some such device as that represented in 
Fig. 8. 

With the two gasometers described, the double bellows, and a pair 
of resistance valves, we are able to obtain the mechanical satisfaction 



Fig. 8. 




& Solis-Cohen's Apparatus for Medication of Compressed Air by Spray from Oliver's Nebuliser. 
F. Nebuliser containing medicinal solution ; E, expiration valve ; D, lever admitting air 
and turning on spray ; A, attachment for compressed air (low pressure) ; c, attachment for 
compressed air (high pressure for spray) ; G, face-mask. 

of all the conditions required for any of the following therapeutic 
expedients : 

Inhalation of— 1. Compressed air with exhalation into atmosphere. 
2. " " " •• rarefied air. 



&. 


4 4* 


compressed air. 


A. Rarefied 


ft •• 


atmosphere. 


5. 


• sa 


rarefied air. 


6. 


• k* 


compressed air. 


7. Atmosphere with 


• »* 


rarefied air. 


S. 


t a* 


compressed air.] 
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Inspiration of Compressed Air. The inspiration of compressed 
air produces a sense of fulness in the chest, it facilitates the entrance 
of air into the lungs, and leads to an increase in the size of the 
thorax. According to Waldenburg, the enlargement of the chest 
amounts, even after a few inspirations, to nearly 3£ cm. Expiration 
is also made easier, except when, by au exaggerated pressure, the 
lung is deprived of some of its elasticity. 

The vital capacity of the lungs is increased from the beginning of 
the treatment ; at first the increase is transitory, but after several 
hours it becomes permanent. The forces of expiration and inspira- 
tion are equally augmented. The increment of the vital capacity in 
cases of disease varies from 100 ccm. to a litre at the end of several 
days' treatment. 

In cases of very feeble expiration this will be found to increase 
more markedly than inspiration ; but when the elasticity of the lungs 
is not strained the two forces ought to augment in equal ratio. It 
is probable that the development of the respiratory muscles is a 
factor in the production of these results, and that they cannot, there- 
fore, be entirely attributed to an anatomical change in the lungs. 

In the aged, in whom the costal cartilages are ossified, no appre- 
ciable modification is produced, either in the play of the respiratory 
movements or in the development of the thorax. 

GrShant, Ducrocq, Drosdoff, Waldenburg, Botschetschkaroff, 
Basch, and others who have studied the question, find that the in- 
crease in intra-thoracic pressure opposes an obstacle to the circulation, 
especially to the diastole of the heart, while the systole is favored by 
it. The result is a stasis in the veins and a fall of pressure in the 
aorta. But these effects are only noticeable during inspiration, and 
disappear during expiration. 

The pulse, studied sphygmographically by Riegel and Frank, 
Waldenburg, Somraerbrodt, and Schreiber, is strong and full at the 
beginning of inspiration ; later, as the pulmonary stasis diminishes 
and the arterial tension falls, it yields a higher and well-marked 
dicrotic tracing. The circulatory changes are, however, transient, 
although some authors have seeu them persist for one-half to one 
hour. 

Expiration into rarefied air produces mechanical phenomena ex- 
actly the reverse of those caused by inspiration of compressed air. 

The diminution of intra-thoracic pressure brings about a compres- 
sion of the thoracic walls, of which the patient becomes conscious 

3 
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when the rarefaction amounts to nne-thirtieth atmosphere. Exten- 
sion is more complete and the volume nf air given off, as measured 
by the spirometer, is augmented. This increase takes place at the 
expense of the residual air : it may nach a litre with a rarefaction 
of one-tiftieth to one-sixtieth atmosphere (15 : 13 mm. of mercury) — 
an interest in&r tact that seenis to indicate that the quantity of residual 
air is irreater than i< generally believed. Waldenburg has observed 
emphysematous patients expiring o or *3 litres of air (under the 
influence of a rarefaction ot ••ne-t^rtieth to one-sixtieth atmosphere) 
when their normal respiratory capacity did not exceed 2 to 3 litres. 

The compression of th»- thorax evidences itself in a diminution of 
the circumfeivnc" of the chest 2 or 3 cm. : at the same time, under 
the influence of forced expiration, the respiratory muscles acquire 
greater play, the diaphragm ri?es higher, the excursions of the chest 
become more extensive, and soon the inspiration is also increased. 
The result is an augmentation of the vital capacity of the lungs. 

The reduction in intra -thoracic pressure modifies the circulation, 
the phenomena pn dueed heiug the reverse of those uoted in the 
ease of compressed air : the systole of the heart is impeded, while 
the diastole is favored : there i* a tendency to the emptying of the 
veins and the tilling of the arteries. 

As the luu£ tills with Me* J the risiht auricle Incomes distended, 
then, in turn, the left auricle and left ventricle; the pressure iu the 
aorta ri<es. the jugular veins collapse and empty themselves. The 
study o( these phenomena, made upon animals with the hemodyna- 
mometer. on man with the s pneumograph, have not yielded very 
divisive results. Nor can the results iu animals be properly com- 
pared with those obtained in man. 

It is important to n^ie. from a practical standpoint, that by taking 
slow and prolong \1 : :> pi rat ions the influences to which the circula- 
tion is Mihjected at :::<■ moment oi expiration into rarefied air are 
weakened. Hy obsv i-vin^ this practical point a marked action can 
he obtained upon :':.e li:ngs. w:-i!e that upon the heart is attenuated. 
The value ot thU i* ^-usi-itrablv in all eases where any exaggerated 
interference with :::• la::*:- .■■r^-.-.n i- :■• be dreaded. 

The inspiration ■■:' . :■■ . s* -i air and ihe expiration into rarefied 
air do not prodr.it m-.-. : :■:■. -a". ■ ::-.c:s alone. Biedert holds that as 
the air strike* \\\< :vsp : :ri: -y iv.^o.s with more or less force it pro- 
voker a eertaiu di^rii- ■ :' :;.:..: . ::. 

Tlie pi><^mv to w \\\ ;... % ; .. :v. nary i issue is exposed, as well as 
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the alternate repletion and depletion of the vessels, is an additional 
cause of irritation. It follows, therefore, that the treatment should 
always be medically supervised. 

The researches of Speck seem to show that the method also pro- 
duces a chemical action. The increase in the pulmonary aeration 
leads to an augmentation of the oxygen absorbed and of the carbonic 
dioxide eliminated. As far as the superoxidation of the blood is 
concerned, inspiration of compressed air acts in the same manner as 
respiration in the pneumatic chamber. The expiration into a rarefied 
atmosphere withdraws a considerable quantity of residual air, rich 
in C0 2 , and thus brings about a decarbonization of the blood, and 
consequently an antidyspnoeic effect. 

Speck expresses the results that can be obtained by the following 
figures : Increase in air respired, 1 : 1.62 ; increase in oxygen ab- 
sorbed, 1:1.14; increase in carbonic dioxide eliminated, 1 :1.30. 
The same author has also demonstrated that the increased consump- 
tion of oxygen and elimination of carbon dioxide do not necessarily 
augment intra- organic oxidation. 

Although all these effects are ultimately mechanical, depending 
upon the physical laws of the diffusion of gases, nevertheless the 
improved respiration which supervenes when the treatment is per- 
sisted in brings about an altered state which impresses the entire 
organism and stimulates the nutritive processes. Decisive researches 
are still wanting in regard to the question of nutritive effects. 

As already stated, the combination most frequently resorted to is 
the inspiration of compressed air and the expiration into rarefied air. 
Two methods are in vogue — in the one, known as the intermittent 
method, the patient makes a series of inspirations of compressed 
air, the expiration being into ordinary atmosphere ; then follows a 
series of expirations into rarefied air, inspiration taking place in the 
normal atmosphere. 

The alternating method consists of an inspiration of compressed 
air followed by an expiration iuto rarefied air. 

In these diverse combinations the mechanical effects do not counter- 
balance themselves, they alternate. 

The lungs fill and empty themselves more completely, and pul- 
monary aeration is rendered as energetic as possible. It is this form 
of pulmonary gymnastics that exercises the most marked effect upon 
dyspnoea. 

Furthermore, while the one factor in the method produces hyper- 
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eemia of the lung, the other leads to ansemia. There is, therefore) 
not a continuous action, but an alternating one, which stimulates the 
pulmonary circulation. 

Under these circumstances there need be but little fear of hemor- 
rhages, as the effect! upon the heart and circulation are less pro- 
nounced than in the one where only one of these practices is em- 
ployed. 

Therapeutic AppRoation. The technique is quite simple. Various 
forms of masks and mouthpieces have been devised, but the best is 
a sort of trumpet, which is applied to the mouth. The patients 
should be instructed to breathe slowly and deeply ; if desirable, the 
nostrils may be occluded. 

In the beginning of the treatment the applications should iie brief 
and should consist of a series of inspirations of compressed air, fol- 
lowed by expiration into ordinary air. Later, recourse may be had 
to the alternating method. 

The duration of the treatment is variable; it can be prolonged 
without inconvenience. The spirometer and pneumoto meter enable 
us to determine the exact results achieved. 

In special cases the inspired air may be charged with medicinal 
substances ; if necessary, its temperature may be modified and it may 
be impregnated with watery vapor. 

Afl inspiration of compressed air diminishes the aiHux of blood to 
the lungs, it may be considered as an antiphlogistic measure. It is 
chiefly indicated in the cases in a which predisposition to phthisis 
exists, and even in those in which the disease is already established. 
It favors the expansion of the lung after tiie subsidence of a pleurisy, 
and hastens the absorption of exudates. In addition, it is capable 
of causing the disappearance of atelectasis in bronchitis, and re- 
establishing the ]wniH'ability of contracted and compressed bronchi; 
it also facilitates expectoration. 

Expiration into rarefied air, since it determines a better evacuation 
of the accumulated air from the lung, is especially applicable in 
emphysema and in chronic bronchitis. Hence the alternating method 
is most useful. 

All these methods of pulmonary gymnastics in general render 
most excellent service in cases in which the thorax is contracted and 
the respiratory muscles are enfeebled, conditions seen in persons of 
the "phthisical tendencies." Under these circumstances the treat- 
ment is eminently prophylactic. 
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It is also recommended in chlorosis and in other anaemias, and in 
dilatation of the heart. The results in these diseases are more doubt- 
ful. 

Inspiration of compressed air is contraindicated in arterial ather- 
oma, in the apoplectic habit, and in dropsy and venous stasis. 

Cardiac weakness, the tendency to haemoptysis, dilatation of the 
bronchi, the existence of acute inflammation of the respiratory ap- 
paratus, contraindicate expiration into rarefied air. 



PART II. 

CLIMATE. 



We come now to a consideration of a complex natural agent — 
climate — a potent resort in the treatment of disease. 

By climate we understand the complexus of meteorological condi- 
tions to which a terrestrial place is subjected during the course of a 
year. From the medical standpoint climate is considered in its rela- 
tions to and influence upon the life of organized beings. 

Hygiene studies climate in its constituent elements and investi- 
gates the effects which it produces on the individual or the race, the 
causation of disease, and on mortality. 

Therapeutics concerns itself with the influences which a change 
of climate has upon disease. So important are these influences 
that Michel Levy has uttered the dictum : " Change of climate is 
equivalent to rebirth. ,, 

When life is menaced by a dangerous malady, or is liable to be so 
menaced by the later development of an incipient disease, the pro- 
found influence for good which a change of climate has upon the 
health should always be considered. Any action taken upon this 
consideration should be deliberate and should be founded upon an 
intimate knowledge of the climate selected, particularly of its thera- 
peutic influence. 

A few points, not directly germane to such knowledge, are of suf- 
ficient importance to warrant a brief consideration. 

The transition from one climate to another should not be abrupt. 
It is important not to transport a patient from the cold frigid directly 
to the hot torrid zone. The facilities of the journey or of the voyage 
should also receive attention. 

The place selected should possess satisfactory conditions, and should 
offer sufficient resources for the personal comfort of the patient. In 
certain cases a change of climate becomes therapeutically useful and 
enables the patient to return to his native country. This occurs in 
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Euro]>eans who, after having become ill in the tropical or torrid zone, 
return to their homes to recuperate. 

It is not necessary for our purposes to study deeply the subjects 
of meteorology and hygiene ; yet it is incumbent upon us to take at 
least a rapid review of the principal meteorological conditions which 
determine climate. Of these the first is latitude. 

The latitude of a place is important on account of its relations to 
the mean annual temperature. 

The distribution of this temperature would always be indicated 
by the parallels of latitude, if the earth were an elliptoid with a regu- 
lar revolution ; if it did not possess mountains and valleys; if its 
surface were everywhere uniform ; and if the atmosphere were in all 
places identical in composition. The differences between different 
parallels of latitude would then depend entirely upon the relative 
duration of day and night and upon the inclination of the solar rays. 

But it is not so ; many causes contribute to produce variations in 
tem]>erature, even in places on the same parallel of latitude. Yet 
we may divide the surface of the earth into five geographic zones, 
each of which presents certain general and distinctive features. 

The torrid zone comprised between the latitudes of 23° 28' north 
and south of the equator is characterized by a uniform and very high 
temperature. 

The two temperate zones extend from their respective tropics to 

polar circles, namely, from the latitude of 23° 28' to that of 66° 52'. 

As we recede from the tropics the temperature grows progressively 

more variable within the limits of a year, and the mean temperature 

becomes lower. 

It is the northern temperate zone that alone interests us. The 
majority of health resorts to which reference will be made are situate 
between the parallels of 30° and 45° north latitude. As we advance 
northward this zone — the temperate zone — falls approximately one 
degree for every distance of 185 kilometres; but this is not an abso- 
lute rule. 

The heat lost by the earth dej>ends upon the length of the nights. 
When these are short a part of the heat gained during the day is 
retained. It is on this account that the hottest days are not those 
of the summer solstice, but those which succeed it, in July and 
August. Inversely, the coldest period in winter is that following 
the winter solstice. 

Lines joining points that have the same mean annual temperature 
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are known as isothermal lines, and were first constructed by Hum- 
boldt. As many conditions influence the temperature, these lines 
deviate more or less from the parallels of latitude. 

It is also important to consider the mean monthly temperature, 
charts of which, comprising the principal climatic stations, have been 
constructed by several authors. 

In our hemisphere the isothermal lines of summer and winter vary 
sensibly from the annual isothermal lines. It is likewise important 
to inquire into the diurnal and nocturnal variations of temperature 
at each health station. 

For several reasons, of which mention will be made below, the 
islands and the western coast of Europe are warmer in winter and 
cooler in summer than the annual isothermal lines would seem to in- 
dicate. 

Altitude. The latitude being the same, the altitude plays a con- 
siderable part in determining the characters of the climate. It not 
only influences the temperature, but all the other meteorological fac- 
tors which together constitute climate. Hence the majority of authors 
have made altitude a basis of division of climates. Mountainous 
countries offer divers climates superimposed upon each other. 

The effect of altitude upon the temperature is not an absolutely 
regular one ; but it is generally estimated that in the temperate zone 
an elevation of 150 to 180 metres corresponds to a fall of one degree 
in the temperature. The principal causes of the diminution of 
the temperature are the rarefaction of the air and the consequent 
decrease in its power of absorbing heat, the insulation of the soil at 
high altitudes by snow and ice, the great diathermanous qualities of 
the atmosphere, and, finally, the diminution in barometric pressure, 
leading to a great expansion of the heated air which rises from the 
ground. 

The other important influences of altitude are those which it ex- 
erts upon the gaseous composition of the atmosphere, upon its purity, 
upon the intensity of light, and upon the heating of bodies by solar 
radiation. 

Geographical Selection. After latitude and altitude the condition 
having the greatest influence upon the climate of a place is its geo- 
graphical position. In this respect it is of especial interest to consider 
proximity to or remoteness from the sea-coast. 

The sea absorbs and emits heat less readily than the land. It 
possesses, however, a greater specific heat, so that for the same quan- 
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tity of heat absorbed op emitted it suffers a smaller variation in 
temperature. Finally, a part of the beat which the sea absorbs is 
expended in the formation of vapor. From these data it follows 
that the great bodies of water become heated and cooled more slowly 
than land. To these causes of the reduction in the temperature v 
ations in the neighborhood of the sea, we should also add the influence 
of (he watery vapor, and especially of the clouds. These masses of 
vapor temper the heat of the sun during the day and diminish the 
loss of heat by radiation daring the night. 

It is evident, therefore, that for any given latitude, propinquity to 
the coast renders the climate distinctly less variable than it is in the 
interior. Two classes of climate, a maritime and a continental, may 
be distinguished. The first is generally temperate; the second may 
be hot, even in places having the same latitude as the place on the 
coast 

As an example of the influence of geographic position, let us take 
Cherbourg, Paris, and Vienna, three cities situated approximately on 
the same parallel of latitude. The difference between the mean sum- 
mer and winter temperature is 10° for the first, 1 5° for the second, 
and 20° for the third. 

It is for the reason stated that insular climates are the most con- 
stant. On some of the tropical islands the difference between tho 
mean summer and winter temperature does not exceed two or thr* 
degrees. 

The large continents present marked contrasts ; heat and cold at 
more iuteuse there, and the changes of temperature are great. 

Iiijhtmcc nf Wiiul, The topic of geographical situation may well 
be followed by a reference to the influence whieli atmospheric and 
marine currents exercise upon climate. 

The most important aerial currents are the so-called trade-winds, 
which flow with a remarkable constancy throughout the year in the 
vicinitv of the equator, but also make their influence felt at remote 
distances. According to the explanation which Halley has giveu of 
the origin of these winds, the existence of upper anti-trade winds 
passing from the equator to the poles must be admitted. The n 
of air composing these anti trade winds arrive in the temperate zones 
with a velocity of rotation which is greater thau exists in the atmos- 
phere of these regions. This condition gives rise, theoretically, in 
the higher parts of the atmosphere, to a southwest wind in the 
northern, and a northwest wiud in the southern, hemisphere 
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These winds exercise an appreciable influence upon the climate of 
western Europe (the northern portion of the Atlantic Ocean). They 
are the cause of the predominance of northwesterly winds in western 
Europe (Englaud, the Netherlands, and France). 

Before arriving on the European continent they pass over a part 
of the Atlantic Ocean traversed by the Gulf stream. This current 
has a decisive influence upon the climate of the coasts which it bathes. 
It originates in the Gulf of Mexico and passes in a northeasterly 
direction toward Europe, making itself felt along the coast of Nor- 
way as far as the North Cape. 

The mechanism of this marine current is the same as that of the 
trade and anti-trade winds. It represents in the Atlantic Ocean the 
upper atmospheric current, which carries the warm air of the equator 
toward the poles. 

The winds thus borrow from the surface of the sea moisture and 
warmth and carry these to distant regions. The exceptionally favor- 
able climate which the countries of western Europe enjoy is due, as 
will be seen, to two causes — a current of temperate and moist air, 
and a current of tepid water, both derived from the equatorial 
regions. 

Diverse local conditions, not all thoroughly understood, also give 
rise to certain aerial currents, of which the land and sea breezes are 
the most constant. 

On the sea-coast a wind begins to blow from the sea to the land 
soon after sunrise; at first slight, it gradually grows in strength, later 
diminishing, until it ceases in the evening. A reverse movement 
now sets in, and the wind rising from the land blows toward the sea, 
gently at first, but growing in strength until midnight; toward 
morning it gradually dies away. The mechanism of these move- 
ments is simple. During the day the warm air rises from the earth 
into the higher regious of the atmosphere, and the denser air of the 
surface of the sea enters to take its place. The opposite condition 
obtains at night ; the air of the land hqw becomes denser and is 
carried out to the sea. 

Mountain breezes are a species of local winds which are very 
variable in regard to their violence and other characters, but their 
origin is nearly always the same. During the day the atmosphere 
of the valley and lower regions becomes heated, and, rising along 
the mountain-side, constitutes the valley or morning breeze. This 
upward movement is favored by a sort of aspiration — the lighter air 
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ascending to higher levels is replaced by the heavier air of the lower 
regions. A fter the wetting of the sun the air on the mountain-summits 
Incomes cooled, and in its descent to the valley creates the mountain 
or fuming breeze. It thus happens not infrequently that the nights 
in the valleys are cooler than on the declivities of the mountains. 

A few .special winds, ]>eculiar to certain countries, merit brief 
mention. The simoon is a hot, dry wind, coming from the desert of 
Arabia. It rarclv blows in any of the health-resorts. The sirocco is 
the hot wind of the Sahara. It strikes especially Sicily and Italy, 
but makes itself sometimes felt at the stations on the Riviera, where 
it appears as a southeast wind. In passing over the Mediterranean 
it become* charged with humidity, and therefore carries rain. In 
Switzerland the most formidable of all the winds is one which 
pn-vails prinei pally in the northeastern cantons. It is generally a 
hot and relatively dry wind, but its characters vary according to the 
different phiees over which it passes. Other wiuds are the bora, of 
the Adriatic Islands, and the mistral, which visits the French Medi- 
terranean shore. 

The hist condition, tin* influence of which upon climate needs to 
1m» investigated, is the configuration and composition of the soil. 
Other things l>cing equal, the; peculiarities of the soil may often 
produce sueh a marked modification of the climate as to cause notable 
differences in the climatic character of places in close proximity to 

eaeh other, 

On the great plains the temperature rises very high during the 
day, to fall very low during the night. The interesting observations 
of Martins have shown that the cooling of the 1 air at night diminished 
a^ we rise above the level of the soil up to a certain height, particu- 
larly when the nights arc serene. The increase of temperature is 
rapid at first, then more slow. It is for this reason that the ground 
of plains and low places is covens 1 with fog, and that the upper 
floors of houses and hospitals are drier and healthier than thegrouud- 

flool\ 

Along the borders of rivers and lakes a height of 00 feet, or even 
less, above the level of the water will afford shelter from the fogs 
which hover over their surface. This should be remembered in con- 
strueting habitations in such places. 

In hilly regions the oscillations of temperature are less great than 
in the spreading plains, but the heating of the soil by the solar rays 
takes place irregularly ; local winds are generated, and are accora- 
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paaied by more or less abrupt chauges in the temperature and the 
humidity. Mountain ranges also produce changes in the raeteorologic 
conditions of the surrounding country. These chauges vary with 
the height of the summits, the extent and trend of the range, and 
the nature and abundance of the vegetation. Mountain-chains may 
serve as barriers to Cold and to hot winds, and may, consequently, 
cause an elevation or depression of the annual temperature of the 
contiguous regions. 

They exert, moreover, an influence upon the winds themselves, 
causing a condensation of the watery vapor when they, the winds, 
are heavily charged with humidity. They may thus render the 
climate of one place dry and of another more moist. 

The local condition, being so very variable, should be specially 
studied for each place. 

In regard to places situated directly on a mountain, the most 
important point for investigation is whether they are upon the sunny 
or the shady side. In the northern hemisphere the southwest side is 
generally the hottest, and the northeast the coldest. The west side 
is a little warmer than the east. 

The prevailing direction of the wind should also be inquired into, 
for this is of even greater importauce than the exposure of the place. 
Indeed, it is upon this that the conditions of humidity especially 
depend. In Europe the southwest declivities are generally more 
moist than the southeast, although they receive more heat. 

The surface of the soil has an important iufluence upon the tem- 
perature and humidity of the lower strata of the atmosphere. The 
experiments of Frankland have revealed certain relations between 
the nature of the soil and the solar heat. 

Snow offers the strongest reflecting surface ; after it, in a descending 
order, may be named light-colored soil, dried grass, gray rocks, and 
green grass. 

The absorbing power of the soil is in inverse ratio to its radiating 
power. The lighter the color of the surface the greater is the solar 
heat and the cooler is the atmosphere. A dark soil is associated 
with a warm atmosphere, while the radiant heat is proportionately 
less great. 

The power of absorbing moisture is still more variable according 
to the nature of the soil than the heat-absorbing power. Elliott 
states that turf absorbs more than twice its weight of water, dry clay 
its own weight, dry garden soil half its weight, saud a little more 
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tliau a third. This explains why sand dri 
slowly. 

Buehan has proved that drainage influence) to a marked degree 
the temperature of the soil. He found that it elevates the tem- 
perature of arable land approximately one degree. Cold penetrates 
more rapidly through 11 ad rained than through drained land. Irri- 
gated soil loses ils heat less readily than soil which is not irrigated ; 
such a soil has also more constant temperature. These facts may 
elucidate the diminution of phthisis, which Bowditch, Bucliau, and 
others have observed to follow the Establishment of drainage . 

The presence or absence of vegetation, and the nature of this 
vegetation, modify in a marked degree the factors of climate. 

The vegetation which covers the earth hinders more or less effect- 
ually the solar rays from reaching the surface of the soil, and thus 
moderates the temperature in a variable degree. On the other hand. 
plants themselves, by reason of the constant evaporation from them, 
tend to modify the temperature. 

The effects produced by the vegetation of a region varies with the 
character which this vegetation generally assumes, namely, whether 
it be forest, meadow, or turf. 

We owe to Fatitral and to Erlenrueyer the greater pari of the 
knowledge we possess concerning the influence of forests. 

The soil of forests has a lower temperature than that of prairies 
to a depth of one yard, the difference lieing more marked in summer 
than in winter. The temperature of the air of foresls is also lower 
than that of the prairie. We all have found during the noonday 
heat delightful coolness in the forest shade. The temperature-varia- 
tions are less abrupt in forests than on plains, and the climate is more 
constant. 

The days are cooler and the nights warmer, but the difference 
between the maximum and minimum temperature is less marked. 
The humidity is always greater than it is on the plain, exceeding 
rhat of the latter by nearly 10° in July, and 3° to 7° in January. 
Rain is therefore more abundant in forest regions than in those 
denuded of their trees. Lastly, forests may arrest winds and thus 
exert an appreciable influence at distances more or less great. Re- 
garding the climate of cultivated plains, it is well to know that it is 
never so warm as that of regions from which vegetal inn is absent 
II. Weber has noted a difference of 11° to 17° between the soil of a 
barren district and that of an adjoiuiiig plain. 
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Peat or turf lands and swamps are characterized by a high degree 
of humidity of the soil and air, and by a relatively low annual 
temperature. Fogs are not common. The air in these marshy 
districts frequently harbors the poison of malaria, which may be 
wafted to distant regions according to the direction of the wind and 
the configuration of the surface. 

From another point of view, the vegetation of a place furnishes 
a valuable indication of its climate, and we may, indeed, say, with 
Ch. Martins, that plants are living thermometers ; or, with Fonssag- 
rives, that they are truly climatometers. 

The investigation of the flora of a country is, therefore, an im- 
portant study. 

From the therapeutic standpoint, the climatical and astronomical 
seasons do not exactly coincide. Summer comprises the months of 
June, July, and August, and stations visited during these months 
are known as summer stations. December, January, and February 
are the winter months, and stations at which they are passed are 
known as winter stations. The other seasons correspond to the 
intermediate months. 

Of the various elements or factors of climate the first to be con- 
sidered is the constitution of the atmosphere, which is obviously of 
the greatest importance, since the air we inspire is the very principle 
of life, and upon its qualities depend, in a large measure, health and 
disease. Its importance attracted the attention of the great physi- 
cians of antiquity, notably of Hippocrates. 

Concerning the subject of chemical constitution we find that the 
subject still presents many obscurities. The pressure being equal, 
the proportion of the gaseous principles is almost constant. The 
slight variations in the quantity of oxygen have no visible influence 
upon health. 

The quantity of carbonic dioxide contained in the air is, as a rule, 
very small, but may at times be augmented without becoming harm- 
ful. This increase, however, deserves attention, since it is correlated 
with the presence in the air of heterogeneous principles that may be 
noxious. 

Another constituent of the air is ozone, which chemists regard as 
a combination of oxygen with itself (an allotropic form of oxygen). 
The presence of ozone bears some relation to the electric phenomena 
of which the atmosphere is at times the scene, for frictional (static) 
electricity, to which that of the air belongs, ozonizes the atmosphere. 
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Although the proportion of ozone is normally very small, I in 
10,000 as a maximum, there is nevertheless a eertiiin impartaBM 
attributed to it. Not that this form of oxygen is capable, in such 
small amounts, of influencing the organism to any appreciable ex- 
tent, but the conditions in which an increase is note) in Mini to be 
favorable to good hygiene. Thus it is not present where putrefac- 
tion prevails, nor in hospitals. In the interior of cities the quantify 
of ozone is less than in the country ; more is found in the air along 
the seacoast than further inward, and likewise more in the mountain 
:iini.i, |ih< i e than in that of the plains. The only seusible effect of 
small quantities of ozone consists in an increased tendency to sleep. 

The humidity of the atmosphere is also of great importance to the 
study of" effects, of climate. 

Beside the gases proper the atmosphere always contains a certain 
quantity of watery vapor, and it is this constituent which, from the 
climatic standpoint, is the most important. 

The proportion of watery vapor contained in a given volume of 
air depends upon the temperature. Two forms of humidity, an a I so- 
lute and a relative, must be distinguished. By the first is implied, 
the quantity of vapor contained, in a certain volume of air; the sec- 
ond indicates the relation between the quantity of vapor and that 
which the air would contain if it were saturated. When we speak 
of dry air or moist air we refer to the liict that the relative humidity 
is respectively low or high. The absolute humidity varies with the 
seasons, and obeys, up to a certain point, the fluctuations of tem- 
pentart, U is more elevated in summer than in winter. The varia- 
tions in relative humidity follow almost a directly opposite course, 
and for OUT purpose the greater interest centres in them. 

According to Humlxddt, the lowest degree of relative humidity is 
28 per OJOfc The air is very dry when the relative humidity is under 
85 p«r cent., moderately dry when it rises to from 55 or 75 per cent, 
moderately humid when it is from 75 to 90 per cent., very humid at 
90 to 100 per cent. 

The humidity varies uot only according to the seasons, hut also 
•OOOrdlng U> the nature of the winds, particularly when these come 
from the sea, and according to the different periods of the day. It 
is generally highest at sunrise, the minimum being reached during 
the early afternoon hours. 

dos*}} related to atmospheric humidity arc several interesting 
laflhjQwdcgwal phenomena, gooh as fog, clouds, and rain. Fog and 
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clouds moderate the variations of temperature of a region, and con- 
sequently play a part in the determination of the climate. 

The influence of rain must be considered from several points of 
view. The quantity which falls during a year is extremely variable. 
It is estimated by means of pluviometers (rain-gauges). From 
nothing on the Sahara it rises to nearly twelve yards on the south • 
eastern declivity of the Himalaya Mountains. 

In medical climatology account should be taken of the number of 
rainy days in a year and in each month. There is no relation be- 
tween this number and the quantity of rain. It is also important to 
note the hours during which rain falls, for upon this fact depends 
the length of time the patient can remain in the open air. 

In the mountains the rain is replaced by snow, which, happily, 
quite often falls only toward evening or at night. 

Despite the deprivation of water, represented by the snow or the 
rain, the atmospheric air preserves its humidity. 

The degree of evaporating power of the atmosphere depends upon 
a number of conditions, such as the temperature, the relative humid- 
ity, the density, and the velocity of the wind. This power possesses 
considerable physiological importance, since it regulates the cutaneous 
evaporation, and, in part, the loss of heat from the surface of the body. 

The atmospheric humidity is thus as essential to life as oxygen 
itself. It determines the distribution of heat on the surface of the 
earth, and also prevents the warm air from rising too rapidly into 
the higher strata of the atmosphere and being thus lost to us. The 
vapor of water is practically opaque; it prevents the radiation of 
heat. This explains why the condensation of vapor consequent upon 
the cooling of the soil constitutes a means of protection. Humid 
climates for this reason possess the advantage that the thermic varia- 
tions between the day and night are but slight, and that the tem- 
perature is more constant. The excess of humidity is, however, in 
some respects inconvenient, for it intercepts the light and heat and 
produces a depressing effect upon the system. 

The action of humidity on the human body is very noticeable, but 
difficult to define on account of its complexity. Thus the degree of 
absolute humidity is an important factor as regards the respiratory 
functions. The dryer the air the more moisture it absorbs in its 
passage through the air-passages. Hence the diminution of the ex- 
pectoration in a dry climate. 

The relative humidity produces its effects especially upon the func- 

4 
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tions of the skin. lu a dry and warm air cutaneous evaporation is 
very active, while in a cold and dry atmosphere it is the pulmonary 
evaporation which is especially stimulated. Warm, moist air. par- 
ticularly in the absence of wind, impedes perspiration and gives rise 
to conditions in which variations of temperature produce those dis- 
eases attributed to " cold." Moreover, the appetite and the nutritivf 
functions are depressed, and even healthy individuals experience a 
disinclination for work. A certain class of patients are comfortable 
temporarily at least, in a moist and warm atmosphere, because i 
diminishes the irritation of the respiratory mucous membrane. 

On the other hand, those same conditions conduce to the develop- 
ment of intestinal diseases, especially diarrhoea, and are eminently 
favorable to the growth of micro-organ isms. In any case there are 
certain warm, moist climates where pulmonary phthisis not rarely 
pursues a rapid course. 

A cold, dry climate is also not free from inconveniences. 
diminishing the cutaneous evaporation and increasing the loss < 
heat it predisposes to catarrhal, rheumatic, and renal affections. 

A large rainfall does not constitute such an unfavorable conditioi 
as might at first appear. It clears the atmosphere of dust, facilitate 
its renewal, and diminishes the relative humidity. 

Naturally, when the rainfall is too continuous it becomes harmful, 
since it then interferes with outdoor exercise. The disadvantages o 
rain are more market! when the soil is so constituted as to becom 
easily impregnated with water. 

The effects of snow are rather good than otherwise when it ii 
sisteut and not exposed to successive thaws. It purifies the atmo* 
phere, renders it more transparent, augments the reflection of solai 
heat, and prevents heating of the air and the production of winds, 
which are the consequences thereof. 

In addition to the factors gpverningclimate wnieh we have just 
discussed there are other influences to r :Ii£jtj<Jl^idered. The composi- 
tion of the air may rarely' be~iiRi(rtfled bystKe presence of foreign 
principles. Of these; ammonia is, op«j^itheVnV_ _ 
are nearly always present; if present in certajp proportions, it exerts 
some influence, hut lessjipon animal? than unon plants. Along the 
borders of the sea the JttaWpBeR £ojft»«fs saline particles, which 
are absorbed by the respiratory passages, and also deposited on the 
external surface, and it is to them that the tonic effects of sea-air are 
in part due. 
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The purity of the air should always receive the most profound 
consideration. As is well known, the atmosphere nearly always holds 
a variable proportion of solid particles, organic and mineral. 

Of the mineral, silica, lime, and iron are most commonly found. 
The organic particles comprise seeds, pollen, grains, spores, ova, and 
micro-organisms. The researches of Ehrenberg, Schwann, and Tyn- 
dall have revealed many interesting facts upon this subject, but no 
experiments have attained such celebrity as those of Pasteur, who 
first demonstrated, in a striking manner, the difference, as regards 
the presence of germs, between the air of glacier regions and that of 
inhabited districts. 

By the method of Miguel we are able to determine, with a re- 
markable degree of exactitude, the number of foreign particles con- 
tained in a given volume of air. Many observations made by this 
author have shown that the number of low organisms in 1 cubic 
yard varies within wide limits. Thus in the park of Montsouris it 
oscillated, in 1879, between 33 and 170 ; whilst at the summit of 
the Pantheon it was 28. It rose to 750 in Rue de Rivoli, to 5200 
in a room of the Rue de Monge, to 6300 in one of the wards of the 
Hotel-Dieu, and to 11,000 in the surgical wards of La Pitte. 

More recently he has compared specimens of the air of different 
localities collected at nearly the same time. 

He found no bacteria in the neighborhood of the Mer de Glace at 
an altitude of 2000 metres ; there were only 0.8 in the air on the 
lake of Thun, whilst 760 were counted in the atmosphere in the park 
of Montsouris, and 5500 in that of the Rue de Rivoli. 

Freudenreich also found no schizomycetes at altitudes of 2100 to 
3200 metres ; but when there were habitations the air even at these 
heights contained a few micro-organisms. Great purity of the air is, 
then, one of the important characteristics of mountain climate. 

In addition to its chemical composition, note must also be taken of 
the temperature, the density, and the renewal of the atmosphere. 

Having discussed the complex meteorological conditions which 
determine temperature, we shall now study the effects which the 
climatic factor temperature exercises upon the organism. The ques- 
tion, however, is not a simple one, for it is evidently difficult to 
isolate the effects attributable to the temperature of a climate from 
those produced by the humidity, the light, and the altitude. 

The solar heat is to some extent a luminous heat. Indeed, the 
sun is the principal source of both heat and light for the atmosphere 
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as well as for the soil. The quantity of caloric and light yielded by 
the moon, the stars, and the centre of the earth is insignificant. 

It is important not to confound radiant or solar heat with the 
heat which the air acquires by iwing warmed. Thus ou mountains, 
as has beeu said, the air is cool (abseuee of warmth), while the solar 
heat (radiation) is intense. 

Radiant heat warms directly the bodies which it strikes; but its 
calorific power is very small for the strata of air which it traverses, 
because gaseous substances, in contradistinction from watery vapor, 
are incapable of absorbing the sun's heat ; or, in other words, they 
are diathcrmons. 

The physiological effects of solar heat are as yet not well under- 
stood, but it is certain that they are very potent. Other things 
being equal, the solar heat is more easily borne than that of the air, 
for the reason that the latter, being charged with watery vapor, sup- 
presses cutaneous evaporation and the cooling of the body, which is 
dependeut upon it. 

An individual who is able to perform a laborious task under a 
solar heat of 120° F., becomes rapidly fatigued in the shade, when 
the temperature of the air is only 90° to 96° F. On mountains 
where the sun's heat is very intense, but the air dry and cool, sun- 
stroke is almost never observed ; the same is true of the open sea, 
where, although the solar rays may be very hot, the air is in motion, 
or, at least, frequently renewed. 

The luminous and chemical rays of the sun exercise undoubtedly 
a direct action upon the molecular movement constituting the nutri- 
tive processes of the tissues. 

The beneficent effects of sunlight have been praised by all nations. 
Pliny wrote : Sol ts rcmediorem maximum. Among the Italians this 
dictum is current ; "Alt diseases develop in the shade and are 
cured in the sunlight." Many interesting facts and experiments cor- 
roborate the correctness of these common observations. 

Sunlight exerts a powerful chemical action upon vegetation ; without 
it chlorophyll does not develop. Moleschott has shown that under the 
same conditions of temperature frogs exhale more carbon dioxide in 
the light than in the darkness. More recently S. Fubini and A. Bene- 
dicenti, iu studies upon hibernating animals, have found that light 
increases the respiratory changes, even if the animals arc in complete 
lethargy. The interesting experiments of Edwards also demonstrate 
the important role of light in the normal development of animals. 
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In man light seems to influence the formation of haemoglobin in a 
manner analogous to that which regulates the production of chloro- 
phyll in plants. 

The deprivation of sunlight conduces to anaemia, while the oppo- 
site coudition favors the regeneration of the blood. Sunlight also 
influences the pigmentation of the skin. The chemical effects of the 
solar rays manifest themselves at the points upon which the rays 
impinge. The air heated by conduction does not become chemically 
active. 

A clear sky is not without influence upon all the bodily functions, 
and even, according to Humboldt, upon the sensations. It seems to 
elevate and to sustain the moral tone ; and, finally, the very sunlight 
which is so wholesome for us is deleterious to our enemies, the path- 
ogenic micro-organisms. 

Koch and H. Martin have demonstrated the destructive action of 
light upon the tubercle bacillus. Other micro-organisms are also 
affected by sunlight. Diffuse light has the same effect in kind, but 
less powerful in degree. Is it possible that to these various effects 
of light the relation which exists between the amount of sunshine 
and mortality in a district is due? The death-rate is lower the 
longer the time during which the sun shines. 

Whenever it becomes necessary to pass judgment upon the value 
of a winter resort, the details regarding suushine should be consid- 
ered of the greatest importance after the qualities of the air. It is 
necessary that one day out of every two be sunny, and that the dura- 
tion of insolation be at the minimum six hours a day. 

Nearly all mountain stations are characterized by a great intensity 
of light and by radiant heat, which, even in Alpine stations, can 
cause the thermometer to rise in winter to 50° F., so that patients 
are able to promenade upon the snow-covered walks, with warm 
clothing and protected by parasols. So great is the direct sun heat 
that in certain persons a slight degree of nervous excitement is pro- 
duced. In some instances this peculiar effect of the sunlight is 
exerted through the eyes. 

The abrupt passage from the sun into the shade should be carefully 
avoided, as it exposes the patient to a considerable degree of cooling. 

A hot climate produces effects that vary with the individual. 
Europeans are often embarrassed by it, especially if they continue to 
partake of the same foods and the same fermented beverages to which 
they were accustomed in their native climes. 
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Parkes attributes to the heat a depressing influence upon nervous 
activity, the digestive functions, those of respiration, and upon gen- 
eral nutrition. 

Natives of Europe are apt to become sick in countries the mean 
temperature of which exceeds that of their own homes by 11° C. 

They become enfeebled and their stock dies out at the end of a few 
generations, unless they intermarry with the indigenous races. These 
facts prove how erroneous is the belief that hot climates are suitable 
for individuals of delicate constitution or those debilitated by chronic 
disease. 

The summer stations of the temperate zone and the winter stations 
of the tropics offer a moderate temperature of 13° to 21° C. (56° to 
70° F.). Robust persons, especially if young, are enfeebled rather 
than strengthened in such climates. Their appetite diminishes, diges- 
tion, respiration, circulation, and oxidation become lessened, the men- 
tal faculties are depressed, and the urinary secretion reduced correla- 
tively with a greater activity of the cutaneous functions. Debilitated 
persons, on the other hand, are stimulated and become more resistant 
to disease. Heat and sunlight seem to be vital conditions for such 
individuals ; under their influence the nutritive functions are quick- 
ened and the body-weight increased. 

There are some patients, however, that are benefited by a colder 
climate, such as prevails during the winter in the stations of the 
temperate zone. These places are favorable to strong individuals, 
well clothed aud properly nourished, whose digestive functions are 
satisfactorily performed. 

For conditions characterized by a sluggish venous circulation and 
by intestinal torpor and nutritional disorders in their early stages, 
such a climate is very advantageous, since it secures a greater activity 
of the circulation, of the respiration, and of hsematosis, and an aug- 
mentation of physical energy. 

Patients who are feeble and sensitive to cold are apt to fall, in such 
climates, into a state of lethargy and torpor that has been compared 
to hibernation. The skin, especially of the extremities, becomes blue 
and cold, the appetite diminishes, the intestinal functions are para- 
lyzed, intellectual and physical energy is depressed. 

Atmospheric Pressure. It is important, in climatological studies, 
to take cognizance of the distribution of atmospheric pressure. It is 
indicated upon charts by isobaric lines. The predominance of winds 
and the quantity of air depend upon the density of the air. Whether 
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slight differences of atmospheric pressure are capable of influencing 
the health is still an open question. No doubt certain very nervous 
individuals are affected by these differences. 

The rarefied condition of the atmosphere at high altitudes exerts 
a decided influence upon the economy. It is best to consider this in 
conjunction with mountain climate. 

Winds. The movements of the atmosphere which constitute winds 
produce variations in some of the factors of climate, chiefly in tem- 
perature, light, humidity, and pressure. 

In a general way, the effect of winds is a renewal and purification 
of the atmosphere. Under rare conditions they may serve to trans- 
mit the germs of certain diseases. Their direct influence upon health 
has not been clearly defined. 

Statistics show that on the European continent east winds coincide 
with an increase, west winds with a diminution of the mortality. 
A part of these results may be attributed to the force of the wind, 
to the state of humidity, and the purity or impurity of the air. 
Winds of moderate force exert a tonic and stimulant effect upon 
delicate persons, but strong winds, particularly if cold, will prove 
harmful by increasing the loss of heat and favoring sudden chilling 
of the surface. 

An absolute calm is decidedly unfavorable, especially when associ- 
ated with a high temperature, and when the air contains pathogenic 
micro-organisms. 

Electricity. The last factor to be considered is the atmospheric 
electricity. The geueral effects of electricity are variable ; they may 
be stimulating or sedative or even depressant. Beyond this nothing 
definite is known, the variations in the electric condition of the dif- 
ferent stations according to the seasons not having been sufficiently 
investigated. 

PARTICULAR CLIMATES. 

We shall now take up the study of special climates, and in doing 
so it will be advantageous if we adopt the division of H. Weber, 
into maritime and land climates. 

Maritime climates are those which are subject to the influence of 
the sea ; they are insular or coast climates. 

A few words will suffice, in view of the details already given in 
the preceding pages, for tracing their common characters. 
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Maritime climates are characterized by a relatively constant tem- 
perature, because the sea is warmed to a great depth by the aim's 
rays, and the radiation at night is lessened by the fogs. 

The degree of humidity is always high. Oilier characteristics are: 
The regularity in direction and time of appearance of the local winds, 
the state of barometric pressure, the great intensity of the sunlight, 
the high proportion of ozone, the absence of dost, ami the presence 
in the air of small particles of sodium chloride and of traces of 
iodine and bromine. 

The physiological action of sea-air has been investigated by a num- 
ber of authors, especially by Beneke. It has been found to influence 
strongly the general nutrition, even in a more marked degree than 
sea-batli3. The surface of the body is cooled more quickly on the 
sea-coast than in the inland stations; the nutritive processes are ac- 
tive; the quantity of urine, the excretion of urea anil of sulphuric, acid 
are increased, while that of phosphoric and uric acids is diminished. 
The body-weight is also augmented. There is generally a fall in the 
number of respirations and pulsations; sleep improves, and the 
nervous system is slightly stimulated. The last effect may, however, 
be so marked that, iu impressionable persons, it causes insomnia. 

From the medical aspect maritime stations are divisible into sum- 
mer and winter stations. 

The former are frequented on account of the therapeutic effects of 
the sea -air and the sea-baths; the latter simply for their climate. 
being preferred by patients suffering from pulmonary diseases, par- 
ticularly phthisis. 

We shall postpone the consideration of the summer stations until 
we take up the study of chloride of sodium mineral springs. 

The winter stations are classified, according to their degree of 
humidity, into humid, moderately humid, and dry. Among humid 
maritime stations are Madeira, the Canaries, the Azores, etc. 

Mapeika. Madeira, the best known and most agreeable, is situ- 
ated 360 miles from the west coast of northern Africa, on the 33d 
parallel of north latitude and between the 16th and 17th degrees of 
west longitude. It is an island divided into two parts by a moun- 
tain range, the highest point of which is 6050 feet above sea-level. 
Funchai, the capital, is located on the southern coast. 

The climate of Funehal is remarkably equable and mild at all 

Its chief characteristics are as follows: The mean annual 

temperature is 66° to 68° F., or about the same as that of Algiers. 
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The mean winter temperature is 63° F. ; the lowest night tempera- 
ture is only 48° F. During the hottest summers the temperature 
does not exceed 86° F. ; and there is nearly at all times a refreshing 
sea-breeze, except only during the reign of the sirocco. The humidity 
of the atmosphere is considerable; the air is pure, free from dust, and 
rich in ozone. 

Funchal is built upon the declivity of a low mountain, which 
protects it from the north winds. 

Patients usually go to Madeira at the end of September, and remain 
until April or May. 

The principal effect of the climate is sedative, rarely depressing. 
It is best suited for chronic catarrh of the larynx and bronchi, 
spasmodic cough, emphysema with moderate expectoration, and for 
irritable forms of phthisis. 

One of the inconveniences to which the climate gives rise is diar- 
rhoea, which is quite common at Funchal. During the hot periods 
patients resort to Comacha, in the mountains, at an altitude of 2300 feet. 

Teneriffe. Teneriffe is the most important of the Canary 
Islands. The climate of Santa Cruz, the principal station, is prac- 
tically the same as that of Madeira, but patients do not find the 
necessary comforts there. 

The maritime stations which are moderately humid are divided 
into the warm and cool resorts. 

Warm Stations. The most important warm stations are Mogador 
and Tangier (Morocco), Algiers, Cadiz, Gibraltar, Ajaccio, Palermo, 
the places on the Levantine Riviera, Venice, the stations of the 
Balkan Peninsula, Lisbon, Vigo, la Corogne, Santander, St. Sebas- 
tian, Portugalete, Biarritz, Arcachon, and New Zealand. 

The mean temperature of Algiers is, according to Martin and 
Folley, 68° F. During the season, from November to the end of 
April, it is 58° to 62°. The diurnal variations do not exceed 5 or 
10 degrees. 

Rains are abundant ; storms occur occasionally. The nights are 
cool, and the days almost without dawn or twilight. The northwest 
winds are the most frequent, and are sometimes severe. In wiuter 
the west winds predominate. 

The dreaded sirocco comes from the southeast ; it blows more often 
in summer than in winter. 

Patients should not reside in the city of Algiers proper, but in the 
villas of the faubourg Mustapha Superieur. 
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Chronic bronchitis, emphysema, pulmonary phthisis, chronic diar- 
rhoea, and dysentery are benefited by the Algerian climate. 

A jaccio, on the island of Corsica, is very favorably situated. It 
has a mean annual temperature of 82°, and a mean winter temper- 
ature of 54°. The humidity is high, the climate being intermediate 
between that of Algiers and that of the Provence coast. Its action 
is both tonic and sedative. 

The regions adjacent to the city should be avoided on account of 
the endemic prevalence of malarial fevers. 

Palermo, Sicily, possesses a delightful climate. The mean 
annual temperature is 62°; that of winter, 52°. The rain, which 
is quite abundant, gives to the atmosphere a soft, soothing quality. 
The sky is clear and luminous, and the summer less hot and scorch- 
ing than at other warm stations. It is certainly one of the most 
agreeable spots where patients can dwell tranquilly in the midst of 
charming natural surroundings. 

Venice is a mediocre station, but deserves mention on account 
of the pleasures which it offers. Its mean annual temperature 
is 56° ; that of winter, 38°. The monthly differences of tempera- 
ture are not great, and the climate is quite uniform. Patients 
usually arrive in autumn and remain until spring, departing before 
the sirocco sets in from the southwest. The violence of the winds 
protects Venice from malaria. 

Tasmania and New Zealand. Tasmania and New Zealand 
have been much extolled in recent years as climatic resorts. They 
are not of sufficient interest to warrant a detailed description. Re- 
garding Tasmania, which abounds in picturesque and delightful 
spots, the northern and eastern portions of the island are preferable. 
The climate is, however, variable and windy. 

New Zealand has a humid and wind-swept coast, and should be 
avoided by sufferers from pulmonary diseases. 

In France, Biarritz and Arcachon are the most important stations 
pertaining to the class which we are at this moment considering. Both 
owe their climatic qualities, in part at least, to the Gulf stream. This 
great, warm current bifurcates at the level of the 46th parallel of north 
latitude, one branch ascending toward Ireland, the other inclining 
southward and skirting the coast of Portugal and Spain. Near the 
centre of the Bay of Biscay the latter gives off a secondary branch, 
which enters the bay, and, after washing its shores, passes northward 
as far as Cape Lizard, where it joins the principal northern branch. 
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Biarritz possesses a gentle and equable maritime climate, and 
is well suited for sea-bathing in the late autumn. As a climatic 
station it is in great favor with Englishmen and Russians. Its only 
inconvenience is the prevalence of winds. 

Arcachon is both a summer and a winter resort. Its mean an- 
nual temperature is 60°, which is about 20° F. above that of Pau. 
Its winter temperature is 48° to 50°. Protected by pine forests 
and by high downs, it has a dry soil and a climate that is uniform, 
humid, and mild. The constancy of the temperature, the permea- 
bility of the soil, and the abundance of trees correct the excess of 
humidity. The air is very rich in ozone. 

Cool Stations. A cool, moderately humid climate is found on 
the coast of England and Ireland, where the Gulf stream washes the 
shores. The influence of the Gulf stream is to raise the temperature 
of the water. 

The winter temperature of these regions is a little higher, by 
reason of their proximity to the Gulf stream ; the summer tem- 
perature being somewhat lower than that of other places having the 
same latitude. Fogs moderate the solar heat during the day, but 
also lessen the loss by radiation at night. The annual rainfall is 
quite high, or, more correctly, the number of rainy days is large, the 
quantity of rain, however, being no greater than that which falls at 
points considered much dryer, as San Kemo, for example. The mean 
annual temperature is 48° to 50° ; in winter it does not, in protected 
spots, descend below 42° or 47°, and even in exposed places it does 
not fall below 40° or 42° F. The prevailing winds are from the 
south or southwest, yet the local conditions in the different places 
are very variable. Probably the best spots for a winter's sojourn 
are to be found on the southwestern shore, where the temperature of 
the ocean is several degrees higher than at the northeast coast. The 
warmer places are in Devonshire and Cornwall. The hygienic and 
dietetic conditions of the English resorts are excellent. 

As the winter resorts are very numerous, we shall only mention 
the most noted : 

Penzance, on the Cornwall coast, has a gentle climate, which, 
however, is quite cold in winter and not uniform. The Scilly 
Islands are similar in climate, but the winters are less cold. 

Torquay, in Devonshire, is a delightful spot and well protected. 
Its influence upon the sick is distinctly sedative; sometimes too 
pronouncedly so for tuberculous patients. 
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Teigurmouth, 8a! coin bo, Dtiwlisli, Budleigh-Saltcrton, Exmoutt 
and Sydmouth need only he mentioued. 

Bournemouth, in Dorsetshire, contains one of the most imp 
sanitariums of England ; hut the air here is lacking in all the proper 
marine qualities. Pine forests abound as in Areaehon, and conveni- 
ences are ample. 

Underclilf, Ventnor, and Bonchurch, on the Isle of Wight, are 
very popular resort*. The best English sanitarium for phthisical 
patients is at Ventnor. The soil here is porous, the air mild, and 
the temperature equable. On the north it is sheltered by the downs 
of the island, but on the east it has no protection against the winds. 
At the national hospital for tuberculous patients the results have 
been quite favorable. 

St. Leonard and Hastings are cold and exposed to the east wind, 
and are not suitable for phthisical |iersons. 

Grange, in Lancashire, has a milder climate. 

Rothesay, on the Isle of Bute, Scotland, has a gentle and equable, 
but very moist climate. The frequency of clouds and the absence of 
sunlight give to it a depressing influence. 

The chief Irish resorts arc Glen^uriff, Queenstown, and Rostrevor. 
The first has a very pleasant climate, aud its environs are beautiful. 
Queenstown is quite similar, but less quiet. 

The chief characteristic of these various resorts is a constant 
rather than a warm climate, a quality which adapts them particularly 
well to the needs of tuberculous patients. 

The best effects are, however, not obtained in cases of confirm 
phthisis, but in the cases termed scrofulous and in those in whom I 
predisposition to phthisis exists. 

Dry Maritime Climates. Warm maritime stations are i 
numerous; the most important are those of the Mediterranean and o 
the Riviera di Poncnte: Hyeres, Costebello, Cannes, Antibes, Nice 
Villafranca, Beaulieu, Boccabruna, Bordighera, Mentone, San Rerao. 
Alassio; the stations on the Bay of Xaples : Castellumara, Sorento 
Salerno, Amain, the Island of Capri, the Islaud of Isehia, Catania, 
Syracuse, Malta, the Balcareao Islands; and on the Spanish < 
Valencia, Alicante, Malaga; and in Egypt: Alexandria and Port Said. 

RlVIERA. The stations of the Riviera are very similar in thei 
climate; they are scattered aloug a narrow strip of coast which i 
open toward the sea, but bordered inland by a protective range o 
mountains. The soil is calcareous. 
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The mean winter temperature is from 48° to 54°; the atmosphere 
is tolerably dry, the humidity being 65 to 70 per cent.; the sky is 
bright, sunshine abundant, cloudy days are few ; and although there 
are forty to fifty rainy days during the " season " of six months, the 
patients are able to be out of doors for several hours every day. The 
land and sea breezes alternate with great regularity. 

December and January are very calm; the dry and cold mistral 
does not begin to blow until April. 

There are some incouvenienoes in the Riviera, mention of which 
should not be omitted. The atmosphere is at times very dusty, 
mosquitoes are annoyingly abundant, and the difference between the 
temperature in the sun and in the shade is often so great that special 
precautions must be taken to avoid chilling. 

The climate in the Riviera is distinctly tonic and stimulant, and 
has a salutary influence upou a great variety of diseases, among 
which may be named general debility, scrofula and anemia, diabetes, 
gout, rheumatism, chronic catarrhal affections of the larynx, the 
bronchi, the stomach and intestines, and non-irritable forms of 
phthisis. Persons suffering from nervous excitability or circulatory 
instability, or from florid forms of pulmonary phthisis should refrain 
from going to the Riviera. 

A few words may be said as to the most important stations in the 
Riviera. Hy&res is situated four miles from the sea, and has a mean 
annual temperature of 60°; that of winter is 48°. 

The middle of the day is warm and best adapted for promenading; 
very cold days are rare ; but winds are frequent, and among them is 
the mistral, which has a baneful influence upon the patients. The 
climate is less stimulant than that of Cannes or Nice. 

The mean annual temperature at Cannes is 61°, that of winter 50°. 
The mistral is not so frequent as at Hy&res ; the prevailing wind is 
from the south. Temperature-changes are abrupt, the nights are 
cool, the atmosphere dry. Cannes possesses an admirable beach for 
bathing, and the accommodations are excellent. It is the best and 
most aristocratic of the Riviera resorts, but very expensive. 

Antibes has a very mild climate and is pleasantly situated. 

Nice is the oldest and most popular winter resort. It owes its 
importance to its magnificent situation on the Bay of Anges, but 
possesses the disadvantages of a city. Almost completely protected 
against the north and east winds, it is freely exposed to the others, 
notably the land and sea breezes. During the winter a strong wind, 
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unfavorable for phthisical patients, blows, It has been caloalstal, G 
thirty-three days. The mistral is not common. 

Tbe number of rainy days is smaller than at other points, aHaaagb 
rain falls sometimes in great abundance. Fogs are unknown at 
Nice; snow is very rare. During fifty to sixty days of the season 
patients are kept indoors by rain or violent winds. The mean annual 
temperature is 62° ; the menu winter temperature 47°. For the six 
mouths of the season the mean temperatures are as follows : Novem- 
ber, 53°; December, 48°; January, 47°; February^!' ; March, 
52°; April, 58°. 

Cannes and Nice fulfil practically the same indications. The 
son extends from November to April. 

Monaco and Moute Carlo are well situated, and would l>e more 
frequented if gambling were not favored there. 

Mentone is the warmest resort on the littoral, baviug a 
annual temperature of 63°, and a winter temperature of 49°. 

The sky is clear and bright, except mornings and evenings, when 
the air is often cold and damp. It is a quiet, rather sombre resort, 
well suited for excitable phthisical patieuts and those subject to 
hemoptysis. The conveniences are very good, 

San Remo is charmingly situated and enjoys a delightful, salu- 
brious climate. It is well protected, and is rarely visited by tbe dis- 
agreeable east wind (veuto greeo). 

The resorts of the Bay of Naples are very warm and stimulating. 
They should be selected only for apathetic and lymphatic individuals, 

Catane, near Mi. Etna, is a good winter resort. Malaga is stimu- 
lating ; Valence is hot and humid, and deficient in proper accommo- 
dations. 

Sea-voyages. The study of maritime climates is best discussed 
by a consideration of the value of sea-voyages, which arc coming 
into favor as therapeutic measures, particularly since their careful 
investigation by Peter. 

They are of most importance in their relation to the treatment (rf 
phthisis. It is well known that this disease is less common in the 
navy than in the army, a result clearly attributable to the more active 
life of the sailor and to the purer atmosphere. 

The atmosphere, it should be remembered, is not pure at a less 
distance than 2000 yards from the shore. Sanitariums which are 
built near the sea are fur this reason not so capable of producing 
good effects as a sea-voyage. 



gt 



CLIMATE. 63 

A long sea-voyage is generally prescribed, the favorite one for 
Europeans being a trip from England or France to Australia. 

A sailing-vessel is preferable to a steamship, for a. number of 
reasons. The passage is slower, the temperature-changes are more 
gradual, the cabins more commodious, there is less dust, and one is 
not annoyed by the constant working of machinery. The progress 
of the vessel is slow and gentle, and engenders a restful feeling. If 
the vessel doubles the Cape, so much the better. Its only disadvantage 
is the dead calm which the ship meets at the equator, inasmuch as 
this causes the atmosphere to become humid, heavy, and oppressive. 
The duration of the voyage is from 70 to 90 days. It is customary 
to sail in November or the beginning of December. 

Such a voyage entails a complete revolution in habits ; it is a new 
existence, deprived, it is true, of pleasures, but also free from care. 
Sleep and appetite are improved, and everything is conducive to a 
perfect repair of a constitution shattered by excesses or chronic 
disease. In warm latitudes the patient can remain in the open air 
for at least fifteen hours in the day — a most important feature. A 
truly pure atmosphere can only be found in the middle of a desert, 
on the summit of mountains, and on the open sea. The last has the 
additional advantage that it offers a climate of remarkable uniformity. 
The humidity may be a little unpleasant, but tends to diminish cough 
and to calm the nervous system of excitable patients, and also favors 
sleep. In short, the general action of sea- voyages may be said to be 
tonic and sedative. 

They are indicated in essential diseases of the nervous system, in 
the convalescence from pneumonia and pleurisy, in scrofula, in the 
dry forms of asthma, in laryngitis, and in the slower types of pul- 
monary phthisis. The contraindications are advanced age, marked 
debility, rebellious forms of dyspepsia, disease accompanied by 
delirium, and, finally, an excessive tendency to sea-sickness. 

Phthisical patients who are frequently obliged to make several 
voyages must, during the intervals, necessarily take great precau- 
tions. Lindsley justly remarks that it is absurd to expect a cure 
within a short time ; he points out, however, that restoration is not 
rare, a fact which the interesting statistics of Williams go far to 
establish. 

Other voyages, besides the one mentioned, have been recommended. 
If the one to the Cape is not taken, that to India is of use, but neces- 
sitates a prolonged sojourn in tropical seas. 
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Patients going to Australia often disembark at points not suited 
to their disease, or reside in large cities, where they are tempted to 
commit excesses. 

Australia was at first vaunted as one of the best resorts for con- 
sumptive patients, but in recent years it has been vehemently abused. 
The truth, however, is that the climate is favorable to cases of tu- 
berculosis if the place of residence is properly chosen. The month 
of March is the mo^t delightful season on the Australian Continent. 

Land Climate. The land climate may be divided, as already 
stated, into the mountain climate and that of the plain. The former 
has acquired great renown in recent years with respect to the treats 
ment of pulmonary phthisis. Jaccoud is one of its most ardent 
advocates in France. 

Mountain Climate. The characters of the climate of mouu- 
tainous regions vary, uecessarily, with the altitude and latitude, with 
the isothermal lines, and other elements; but there are certain 
features which are common to all, and upon which, to a large 
extent, the beneficial effects of the climate depend. 

The temperature varies with the altitude, bd elevation of 700 
yards corresponding, in winter, to a fall of one degree. 

The humidity presents no fixed character; generally it is quite 
low and passes through regular changes, diminishing toward noon 
and augmenting toward evening. 

The quantity of rain usually increases with the altitude, but bears 
no relation to the humidity in the mountains ; in winter it is gener- 
ally replaced by snow. 

Fogs forming in the valleys rise to the middle strata of the atmos- 
phere, but are seldom seen at great heights. The atmosphere of high 
altitudes is remarkably transparent. 

A very important feature of mountain climate is the great intensity 
of the direct solar heat. Thus Frank I and records that he found the 
temperature at Davos-Dorfli, at 2.50 p.m., December 21, 1873, to 
be 45°. At Greenwich, at 3 o'clock of the same day, a temperature 
of 21.!)° was observed. Notwitlisiiuiding this jricat solar heat the air 
remaius cool. 

The light iu the mountains is very intense and ozone is abundant. 
Unfortunately, very little is known in regard to the electric condi- 
tions of the atmosphere. Winds vary with different regions, but, a 
a rule, are frequent and strong. They are more violent in summer 
than in winter. 
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The soil is generally rocky, and, therefore, dry. 

The chief characters of the mountain climate may be summed up 
as follows : The low barometric pressure, the intensity of the direct 
heat without a corresponding warmth of the atmosphere, and the 
consequent low temperature reigning in the shade and at night ; the 
dryness of the atmosphere in spite of the abundance of rain or snow ; 
the strength of the winds, the great purity and the richness in ozone 
of the atmosphere, the splendor of the light, and the dryness of the 
soil. 

It is very evident that a climate possessing such qualities must 
necessarily have a marked influence upon the system. The cutane- 
ous circulation is stimulated both by the coolness of the atmosphere 
and by the heat of the sun. The dryness and the frequent renewals 
of the atmosphere favor cutaneous evaporation. 

During the first few days succeeding the arrival in the mountains 
the action of the heart is slightly accelerated ; but this disappears 
and gives place to an increase in the cardiac energy. Respiration is 
similarly modified, although observations on this point are contra- 
dictory. 

It is important to distinguish the early effects, those following the 
ascent from those resulting from a prolonged stay at a high altitude. 

There is, in the beginning of a residence at an altitude, a notable 
increase in the functions of respiration, digestion, and nutrition, and 
it is very natural that Marcet, Mermod, and others should have 
found an augmentation in the excretion of carbon dioxide. But what 
are the effects of a permanent sojourn ? The general belief, based 
upon the known facts of a rarefied atmosphere aud a smaller pro- 
portion of oxygen, has been that there is a depression of functional 
activity ; a view that was strengthened by the studies of Lombard, of 
Jourdanet, and of Bert. These writers held that at high altitudes 
there was a tendency to the production of a relative asphyxia, a con- 
dition for which Jourdanet proposed the term anoxhemia. These 
views, however, are certainly theoretical. 

In reality the air always contains more oxygen than is necessary, 
and the equilibrium of the external and internal gaseous tension is 
rapidly established at any altitude. 

It should also not be forgotten that it is the processes of nutrition 
which regulate the consumption of oxygen, and that altitude can 
affect the latter only indirectly. The question can only be settled 
by a comparison of the data of observation. 

5 
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We may refer here to the interesting studies of Veragiitb upon 
the physiological action of the climate of Upper Engadine. He 
has found that the respirations are increased by two movements a 
minute during the first week, but subsequently become again normal. 
The relative volume of the expired air is at first augmented ; later it 
diminishes, but yet remains slightly higher than on the plains. The 
absolute volume, after a temporary increase during the first week, 
falls below that noted on the plains. 

The author applies the term relative air to the volume of air 
respired and measured by the spirometer (that of IJellangfi). 

Veraguth also noted a constant increase in the quantity of carbonic 
dioxide and watery vapor exhaled from the lungs. During the first 
days of the sojourn he also observed a slight increase in din 
which later gave way to a persistent diminution of the urine. The 
urea was at first decreased, then slightly increased, and subsequently 
again diminished. No changes were found in the excretion of uric 
acid. The bodily temperature was not modified. The diminution 
in weight which was observed in the patients disappeared on their 
return to the plains. 

One of the results of life in the mountains appears to lie an 
increase in the dimensions of the chest, amounting to one or one 
and a half centimetres in the circumference of the thorax. Weber 
found it in young persons after a sojourn in the mountains of from 
three to twelve months. It might seem justifiable in explanation of 
this fact to invoke the effects of simple growth, but it is uuqnestiou- 
able that mountain-cl imatizing is capable, particularly in youthful 
persons, of increasing the diameters of the chest; and proof of this 
is ibund in spirometric measurements. 

As a general rule, the appetite is augmented, at least in the begin- 
ning, up to the altitude of 5000 feet, although there are patients in 
whom it is decreased temporarily at a height of 2400 to 4000 feet 
When anorexia persists, it is an indication for a return to the plains. 

On the whole, we may ascribe to mountain climate a favorable 
influence upon nutrition and muscular energy, and upon neurasthenic 
states, provided the sleep is sound. 

Winter Resorts. For practical purposes mountain resorts 
may be divided into winter and summer stations, although a few 
are suited tor the transitional periods. 

Among winter stations we again distinguish between those situated 
at a moderate height and those of great altitudes. 
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As regards the relative value of maritime and mountain resorts, 
concerning which there is considerable discussion, it may be said that 
both act by offering the individual those surroundings which are 
most favorable for the repair of the lesions caused by disease. 
Although mountain climates are indicated by certain states and con- 
traindicated by others, for the warfare against tuberculosis they are 
of great value and importance. 

The principal elevated stations are in the Engadine, among which 
Davos is the most renowned. It is situated in a wide valley, lying 
from northeast to northwest, and occupies the lower part of the slope 
of the mountain-range. Its altitude is 5100 feet, the mean baro- 
metric pressure 630 millimetres. The mean annual temperature is 
about 37°, but in summer the thermometer rises to 76°, in winter it 
falls to 14° F. below zero. The differences between the diurnal and 
nocturnal temperatures are equally great ; often also those between 
two successive days. 

The temperature during the months of the season is nearly always 
several degrees below zero, with a mean for January of 20° below 
But these rigures do not indicate the real temperature to which the 
patients are exposed, for the direct heat of the sun is very great. 

The air is quite humid, more so in the winter than in summer. 
According to Steffen, there are only 4.8 grammes of watery vapor in 
every cubic metre of air, so that the inspired air raised in the lung 
to a temperature of 100° can take up an additional quantity of 
38.7 grammes of water, since air at 100° holds, when saturated, 43.5 
grammes of vapor. 

There are at Davos many snowy days, and the snow covers the 
ground constantly from the middle of November until the middle of 
March. The winds are less violent in winter than in summer. The 
atmosphere is clear and transparent, and its comparative calmness 
diminishes the effects of the cold. 

[Patients should leave Davos early iu April, before the snow 
melts, and return late in May or June. — Ed.] 

The winter season, which is the best, begins in November ; the 
summer season in June. The patients are subjected to a dietetic 
regimen and to hygienic practices, such as ablutions, or even to hydro- 
therapy. 

At Davos-Dorfli the conditions are practically the same as at 
Davos, except that there the sun shines about an hour longer. 

Davos-Frauenkirch and Wiesen are situated somewhat lower. 
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The latter is not far from Davos, aud is located on a picturesque de- 
clivity overhanging the gorge of the Landwusser, eighty feet loi 
than Davos. [In rases where the patient ought not to go directly t 
as great an altitude as Davos, lie may stop at Seevria (3000 feet), or 
at Ragatz (1700 feet).— Ed.] 

The climate of Wiesen is milder, the winter a little shorter, but 
the spot is less well-protected, and, though simpler, has almost Um 
much solitude. 

In the Upper Engadine, the highest valley in Europe inhabited 
throughout the year, we find Saiut Moritz, fi090 feet ; Maloja, I 
feet; Pontresina, 5915 feet; Maria Sils, 5700 feet; and Sanu 
5670 feet. 

The winter sanitaria are Saint Moritz and Maloja. [This is a mis 
take, Maloja is now only open in summer. — Ed.] The valley of tl 
Upper Engadine is not so favorably situated as that of Davos. 
is colder, and is better adapted as a summer resort. 

The four Alpine stations which have been mentioned, Davos, 
Wiesen, Saint Moritz, aud Maloja, have practically the same touic 
qualities, but differ sufficiently in their stimulating properties to 
make a choice for different types of disease proper, 

Wiesen is least, Saiut Moritz and la Maloja more stimulant, and 
Davos is intermediate. 

A new sanitarium has lately lwen constructed at Ley sin (4757 
feet) in the Canton of Vaud. 

[All alpine winter resorts subject the patient to great cold, but 
this is very well borne in most cases, many patients sleeping and 
walking in freezing temperatures. — Ed.] 

Santa-Fe-de- Bogota, in Colombia, is the best known of the resort 
of the Andes Mountains. Although on a latitude of 4° 30' nor 
its elevation, 4800 feet, tempers the heat of the tropical climate. 

The mean annual temperature is 58° ; the seasonal changes are 
extremely slight; a per|ietiial spring reigns, which makes Bogota* 
most delightful resort, with a vegetation of the rarest beauty. Th« 
therapeutic results obtained there have been excellent. 

Quito, Arequipu, Jauja, and Huancajo are equally gooil resoi 

The Asiatic and African stations arc intciestinij from a scie 
standpoint, but have as yet not acquired any practical import 
[Very favorable results in eases of phthisis have followed resided 
in Kimberly, Cape Colony, the Orange Free State, and (he Tni 
vaal, where altitudes of about 4500 feet arc readily found. 
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capital of the Free State Bloemfoulein is warm, with some cold 
winter nights, according to Williams. The average minimum tem- 
perature is 55° F., and the maximum 82° F. The rainy days are 
seventy. This country is accessible by comfortable steamers and by 
railroads. — Ed.] The Himalayas present from their base to their 
inaccessible summits every variety of climate. [As a rule, the Hima- 
layan climate is stimulating but hot, and it possesses too great a rain- 
fall to be useful in the treatment of phthisis. — Ed.] Darjeeling (8000 
feet), in Western Bengal, has some reputation. Connor (5000 feet), 
not far from Madras, is also quite popular. 

At moderately elevated stations patients can have the opportunity 
of preparing themselves for higher altitudes ; sometimes, also, these 
resorts are frequented during the intermediate seasons. 

The French stations of this class are also known for their thermal 
springs, and provide a double means of treatment. Among the 
more important, Le Vernet, Amelie-les-Bains, and Gr&rnlx may be 
cited. 

Vernet, in the Eastern Pyrenees, has an altitude of 1500 feet, and 
a mean temperature for the last three months of the year of 53°. 
The climate is calmative, but inconstant. 

Amelie-les-Bains, also in the Eastern Pyrenees, is the southernmost 
French resort. The climate has a sedative influence, and is suitable 
for autumn and winter. The mean temperature is 49° ; the altitude 
700 feet. 

Greoulx (Basses- Alps) is a station frequented in autumn ; it has 
an altitude of 850 feet and a mild and equable climate. 

Grasse, auother French resort (Alps-Maritime), has an altitude of 
850 feet. It is a winter resort. 

There are a number of resorts in Switzerland, chiefly ou the 
borders of Lake Geneva. 

Vevey is very agreeable during autumn ; patients can take the 
"grape-cure" there. It has an altitude of 1000 feet and a mean 
annual temperature of about 50° F. 

Montreux has a climate that is even milder. It is customary to 
take the grape-cure in autumn, and it is a pleasant place in which to 
pass the winter and spring. 

The patients generally are domiciled in the little hamlets that dot 
the country between Vevey and Villeneuve, such as Clarens and 
Vernet, the altitudes of which vary from 925 feet to 1200 feet, and 
the mean an ^ A *\ 
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The climate of this region is both sedative siud invigorating. 
Other Swiss resorts of this type are Aigie, Bex, Sion, and Lugano. 

Meran, the elevation of which is 1000 feet, is situated on the 
banks of the Adige, on the southern slope of the Tyrolese Alps. 
Its mean annual temperature is 50°. It is a station for the grape- 
cure, and is frequented hoth in autumn and winter, particularly dur- 
ing the winter. It is important not to arrive before the drying of 
(he swamps and marshes. Botzen and Gries, somewhat lower thai 
Meran, serve to contain the overflow of visitors from the latter 
place. 

The winter resorts are sought especially by consumptive patients ; 
but it is evident, when we consider the number of qualifications 
possessed by them, that these stations may iu summer be beneficial 
to other diseases than phthisis. This is notably true of Saint Monte. 

Si'mmf.k Resorts. Among summer resorts there are a number 
which are suitable for the entire year, others exclusively for the 
summer season. Several possess mineral springs, which are made 
to play a rote in the treatment. 

The most important of these for consumptives is Gorbersdorf, in 
Silesia, where Brehmer more than twenty years ago founded the first 
mountain sanitarium. Its altitude is 1400 feet. The patient; 
subjected to a complex "cure," into which the use of air, hydro- 
therapy, and special treatment enter. 

The season at Gorbersdorf includes the spring, summer, and 
autumn. The treatment produces effects that differ from those ob- 
tained at higher levels ; it fulfils special indications, and is particu- 
larly useful for those who cannot endure high altitudes. 

It is said that Dr. Ungcrn, who was afflicted with phthisis, visited 
Gorbersdorf, but, on obtaiuing no relief, went to Davos, where he 
recovered completely. The reputation of the latter resort dates from 
that time. 

Falkenstein on the slope of the Taunus, near the stations of Soden 
and Kronberg, is a late rival of Gorbersdorf. It has a sanitarium, 
established by Dr. Dettweiler, where the open-air treatment prevails. 
Its altitude is 1150 feet. The French sanitarium of Canigou has 
been modelled after the ty]»e of that of Falkenstein. 

There are many other summer resorts, but they are not frequented 
by consumptives. We may name Mornex, Monnetier, St. Gervaia, 
short distance from Chamounix — Chamounix near the base of Moi 
Blanc — Wcisenberg, Leuk, Heustrich, and others. Or, B| 
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may mention St. Beatenberg, which overlooks the lake of Thun, 
Sonnenberg, Engelberg, and Axenstein. 

The influence of all these resorts upon the organism is rather 
more sedative than tonic. They may be recommended to patients 
who wish to prepare themselves for the higher altitudes. 

Other summer stations besides those in Switzerland exist in the 
French, the Bavarian, and Tyrolese Alps, and the Pyrenees, in the 
Apennines, and on the Carpathian Mountains. Among these, Panti- 
cosa (5000 feet), on the Spanish side of the Pyrenees, is much fre- 
quented by phthisical patients. 

Indications for Mountain Climate. As a general rule, high alti- 
tudes are adapted only for the treatment of disease in quite young 
and vigorous persons, or, at least, in those possessing a certain degree 
of resistance. The pathological states that are amenable to it are 
numerous ; the most frequent are anaemia, chlorosis, chronic pharyn- 
geal and bronchial catarrh, paludal anaemia, abdominal plethora with 
tendency to hemorrhoids, hypochondriasis, rebellious neuralgia, 
light forms of hysteria, nervous polyuria, nervous asthma without 
emphysema or cardiac lesion, imperfect development of the thorax, 
predisposition to or established phthisis, dyspepsia, and retarded 
development in children. 

Heart-affections, arterial atheroma, chronic bronchitis with dilata- 
tion and emphysema, epilepsy, acute articular rheumatism, constitu- 
tional debility, and the extremes of age are contraindications. 

The resorts with a moderate elevation are often beneficial when 
the higher altitudes prove harmful. Thus, in simple cardiac weak- 
ness or in aneurism of the aorta the patients do well at altitudes 
from 1000 to 1400 feet. 

Undoubtedly the most important therapeutic use of mountain 
climate is in connection with the treatment of pulmonary phthisis. 
It seems to have had its birth in Peru, where, according to Smith, 
it has been a long-established custom to transport the consumptives 
to the peaks of the Andes Mountains. In Europe the treatment 
was inaugurated by Brehmer, at Gorbersdorf, about thirty years 
ago. In the present epoch the higher altitudes are most in favor, 
and are resorted to especially in winter. This modification of the 
original plan was brought about by the writings of Kiichenmeister 
and Thomas, who have also pointed out very clearly in what forms 
of phthisis the climatic treatment is applicable — namely, in the slow, 
toipM *~ *4%Gfciag moderately robust persons. 
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To particularize, we may name Ihe following pathological statesai 
those in which the treatment may prove of service: predisposition 
to phthisis, chronic apical pneumonia, tuberculous infiltration of one 
apex, chronic bronchitis without emphysema, pleuritic exudates, non- 
purulent in character; multiple but limited caseous foci, small cavi- 
ties that are stationary, chronic hoarseness without mad oouga, 
profuse night-sweats, depending upon one of the preceding condi- 
tions or upon a feeble state of skin. Erethismic forms of phthisis, 
acute febrile states, pronounced hereditary tendency, interstitial and 
laryngeal tuberculosis, and that variety consecutive to diabetes are 
contraindications to the climatic treatment. 

The results so far achieved are quite encouraging. Among a total 
of 75 patients, spending altogether 1875 months in the mountains, 
Weber found that 18 had permanently recovered, 28 were im- 
proved, in 14 the success was doubtful, in 15 the disease continued 
to progress. 

[In his recent monograph on "Aerotbenipy," Williams, of Loudon, 
gives the results reached in 24b' patients suffering from phthisis who 
were sent to high altitudes. A cure was effected in 101, or 40.89 per 
cent.; great improvement in 73, or 29.55 per cent.; some improve- 
ment in 32, or 12.95 percent. Five remained stationary, and 36' 
became worse. — Ed.] 

The general direction which the treatment is to assume cannot be 
precisely stated. It depends upon the constitution of the patient, hU 
resistance, and capacity for reaction. 

In many instances it is difficult to decide positively upon the valoa 
of the treatment, since it is applied to patients under the most favor- 
able conditions under which equally good results are obtained by 
other methods. 

Debilitated persons should spend the summer at a moderate 
altitude, preferably where there is a forest, and the winter in a 
temperate or warm climate. 

Climate of the PlainB. The climate of the plains in our studies 
here comprises only winter resorts. It is either dry or moist, hot 
or cold. 

Dry and Hot Climate. The African desert represents the 
type of a dry and hot climate. The heat of the air is intense, the 
atmosphere is dry, but at night the temperature falls to a low point. 
The 8ky is serene, rain is a rarity, and dew is abundant. 

Weber reports a number of instances in which phthisical patients 
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did very well while living almost in the open desert and nourishing 
themselves exclusively on the products of the chase. When the 
disease is advanced it is wise to avoid such severe exercise, and it 
is customary in practice to recommend Cairo, Upper Egypt, or a 
voyage on the Nile. 

Cairo may be taken as the type of hot and dry stations. Its mean 
annual temperature is 71° ; in the six months from October to 
March it is 64°. The nights are cool. 

Notwithstanding the dryness of the climate the atmosphere con- 
tains a large amount of watery vapor (absolute humidity), which 
is exactly the reverse of what obtains in the mountain climate. 

The season extends from the middle of November to the middle 
of March. In April the patients begin to be annoyed by the desert 
wind, which is difficult to support and dangerous to health. 

The climate of Cairo is both tonic and stimulant, particularly to 
the newcomer, in whom it frequently produces a state of nervous 
excitement. These effects, which are generally ascribed to the per- 
pendicularity of the solar rays and to the excessive dryness of the 
atmosphere, pass off after a certain time. In such a climate the 
clothing, the food, the habits of life, as a whole, should be objects 
of special study and attention. 

Cairo is of value only in the early stages of phthisis, but to what 
extent it is beneficial has not been definitely determined. 

Good results have been obtained in chronic bronchial catarrh with 
emphysema, in chronic rheumatism, in gout and diabetes, in chronic 
nephritis, in heart-disease complicated with chronic catarrhal affec- 
tions, in certain forms of dyspepsia, in rebellious neuralgias, and in 
the exhaustion from overwork. 

The dry and cold climates are so rarely employed in the treatment 
of disease that their considerations may be omitted. 

Warm and Moist Stations. Pau, Dax, Pisa, and Rome are 
the principal resorts having a moist, warm climate. 

Pau (Basses- Pyrenees) is one of the most popular of these resorts. 
Its mean annual temperature is 56°; from November to April, 44° 
to 46°. 

The air is, as a rule, tranquil, but at times very strong winds 
prevail; rain is abundant, and falls for at least eighty to one hun- 
dred days between November and April. The sky is generally 
cloudy ; dust is rare. 

The climate is sedative without being depressant, and is chiefly of 
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value in conditions of excitement, in cases where a predisposition to 
nervous affections exists, and in irritable states of the mucous mem- 
brane of the air-passages associated with diy cough. 

The goaty and rheomatic also do well at Pan, bat those disposed 
to cerebral or pulmonary congestions, or to hemorrhoidal fluxes, 
should avoid it. 

Dax (Landes) is frequented on account of its hot spring? (85° to 
142° F.). The atmosphere is moist and moderately warm. 

Pisa, in Tuscany, has been renowned from ancient times. Its 
mean annual temperature is 60 = . or nearly that of Rome; from 
November until March the mean temperature is 47°. The diurnal 
variations are moderate : the precipitation is abundant, especially in 
autumn. The season extends from November to spring. 

Rome is a mediocre station, offering more attractions to the tourist 
and the artist than to the sick. The three months of spring, besides 
October and November, are the best months in which to dwell at 
Rome. Phthisical patients and those with neuropathic traits make 
up the largest portion of the clientele of Rome. 



AMERICAN CLIMATIC TREATMENT. 

The fundamental tacts governing the effects of climate upon human 
beings having been considered in the opening remarks upon European 
resorts, it only remains for as to discuss the individual regions in 
America which are or may be employed for the treatment of disease. 

These regions may be divided into the high altitudes, the medium 
altitudes* and the low altitudes, the type of the first being found in 
Colorado, of the second class in North Carolina and in Xew York 
and ot % the third in Georgia and southern California. 

The Colorado climate without doubt oSers the best results for the 
majority of cases of phthisis, but i: is always to be remembered that 
iu the employment of climate for the cure of disease selection for 
the ueeds of the individual case :* as important as is the selection of 
a drim in each case when: medi-na: measures are used. No more 
vital mi-take can V made ly the phy^i- -fan than to suppose that 
every cti^ ot eousu:u P t:ou w : Il be Uneritcd bv a visit to Colorado, 
and an error of almost e^ual gravity ;* the belief that a visit to this 
or any other reg-on is all t!:a: is necessary tor a oure. temporarv or 
permanent. Reveries often occur, it is true, but it is also a "feet 
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that fatal relapses are prone to take place if the patient undertakes 
to return to his former residence. There are, of course, exceptions to 
this statement ; but nevertheless he who goes to a climatic resort for 
relief of some constitutional disease should go rather with the idea 
of a permanent residence than a temporary visit. 

The advantages of Colorado as a health resort for consumptives 
in particular rest upon identical conditions with those found in 
Europe in places of similar altitude ; and care should be taken that 
only those places in Colorado which are to some extent protected from 
high winds and which have a low percentage of humidity are chosen, 
although the relative humidity of the whole State is about 46 to 58 
per cent, in comparison with the Atlantic and Pacific Coasts, where 
it is as high as 75 to 78 per cent. Rain falls in Colorado on about 
eighty-five days in the year, but often for only a small fraction of 
these days, and the average amount varies from 8 to 22 inches ; the 
fall at Colorado Springs, which may be taken as the central health- 
point of this State, being about 15 inches. To those unacquainted 
with the average rainfall of other parts of the world, this may not 
Seem a small amount, but when we consider that the average in New 
York City is 45 inches and in Philadelphia 41 inches, and is esti- 
mated at 86 inches for the world in general, the Colorado area is 
very low. The rainiest place on earth is supposed to be Assam, Asia, 
610 to 905 inches yearly. During the months from October to April 
rain very rarely falls, and in the summer months generally falls 
during thunder-storms, and the number of cloudy days is therefore 
very few, which is, of course, a very desirable feature of the climate, 
since it enables the patient to be almost constantly exposed to fresh 
air and sunshine. Indeed, it is worthy of note that Colorado offers 
a greater number of hours of sunshine than can be found at any 
European resort, and the power of the sun is so great that invalids 
sit on piazzas in winter with comfort. Thus, Solly states that the 
temperature in the shade may be 30° and in the sun 92° in the morn- 
ing, or 40° in the shade and 100° in the sun in the afternoon. 

From what has already been said in earlier pages of this volume, 
atmospheric temperature is a comparatively unimportant factor in 
the treatment of phthisis. In most places in Colorado the changes 
between night and morning in temperature are very marked, as is 
always the case where a mountainous region is far removed from 
those influences which modify tendencies to sudden changes, as, for 
example, the presence of large bodies of water. The mean temper- 
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ature of Denver or Colorado Springs in do way represents, therefore. 
the extremes to which the individual may be exposed. Thus, in 
Denver, the mean temperature for the year is 50°, while the extremes 
have reached 25° l>elow zero on the one hand and 101° on the other. 

The mean temperature by months varies from 27° m January to 
72° in July, 80° in August, and 40.5° in December; winter scarcely 
begins until January and lasts till toward the end of March ; but 
high winds prevail the greater part of the year, so thai only about 
80 or 40 days are still. 

The altitudes of the various points in Colorado which may !*.■ or 
are commonly resorted to are of course very different. Denver, be- 
cause of its smoke from the furnaces, is hardly the place to direct the 
invalid fora prolonged stay ; although the patient had letter in every 
case go to Denver or Colorado Springs when he first readies Colo- 
rado, in order to consult some one of the eminent physicians of these 
places as to the best particular spot where he should locate, and iu 
order that he may from time to time get further advice as to medic- 
inal treatment and prognosis. It is to be remembered that these 
towns are not iu a mountain region, but in a great prairie tend. The 
altitude of Denver is 5000 feet, while that of Colorado Springs is 
6022, the latter point being 69 miles nearer Pike's Peak aod 75 
miles south of Denver. 

It is not necessary iu this place to discuss other and less will -known 
but equally valuable resorts in Colorado, such as Manitou Sprinj 
(U500 feet), Idaho Springs (7800 feet), or Boulder (5409 feet), oi 
any of the resorts in the Platte or Bear Creek canons, at from 
to 8000 feet, since the local physicians are the best judges of the indi 
vidual spots to be chosen. It is necessary, however, to warn 
physicians not to send patients to Colorado who are too far ad 
to hope for relief, or who have no means to support themselves wi: 
out work, since the ingress of many hundred persons so placed s 
lie reliant on their own efforts has cheapened all forms of band h 
and mental work very greatly. 

In addition to the great disease for the relief of which the cli 
of Colorado does so much, there is very positive proof of its value 
in other states, both pulmonary and cardiac. Denison and Solly 
have shown that a large percentage of persons suffering from asthma 
are benefited, provided the asthma is not associated with emphysema. 
The latter condition, if present, always makes the patient wins*', gj 
so increases the distress as to make it dangerous to send the emphy- 
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sematous to this region. Similarly, cases of asthma who have dilated 
or incompetent hearts should not be sent to Colorado, as a rule. The 
presence of bronchitis, acute or chronic, with or without bron- 
chiectasis, is also a contraindication to Colorado climate. In conva- 
lescence from pneumonia or pleurisy the question as to the value of 
Colorado climate must rest on the vigor of the patient. If he be relaxed 
and feeble, a more moderate climate should be chosen ; but if, on the 
other hand, he is fairly vigorous, the increased pulmonary exercise is 
often of extraordinary value. The influence of a climate such as is 
found in Colorado upon the circulatory apparatus is very great. At 
first it causes an increased rapidity of the heart-beats, which may 
continue in those who have cardiac disease, and with whom the 
climate does not agree. In the healthy, on the other hand, the nor- 
mal pulse-rate is very soon restored. In all cases which remain for 
any length of time in the climate of Colorado, and with whom it 
agrees, there is often for a short space of time an apparent increase 
in the cardiac power. For this reason excellent results often ensue 
in young persons who have slight cardiac dilatation, but rarely are 
reached by older or feeble persons with similar conditions. Care 
should always be exercised in these cases that the patient does not go 
to too great an altitude at first, and that exercise should be very gentle 
in form for some time, lest the dilatation be increased before benefit 
can be produced. As a rule, however, lower altitudes than those ot 
Colorado should be chosen for all such patients suffering from either 
cardiac or vascular lesions. 

In cases of neurasthenia, needing bracing air and out-door life, the 
climate of Colorado is very useful, provided that there is not asso- 
ciated with the neurasthenia disorder of the circulation of a marked 
type. Should there be great nervous excitability the patient should 
not be sent to Colorado. 

Similarly, it may be considered as a rule that in cases of renal dis- 
ease a lower or more moist and equable climate is to be sought than 
one such as is typified by Colorado, since the sudden changes of tem- 
perature found in nearly all high-mountain resorts is of great disadvan- 
tage through its effects on the skin and kidneys. Again, persons 
suffering from catarrh of the stomach and bowels should avoid 
Colorado as a rule, and if hepatic trouble is present seek a lower, 
and, if possible, equally dry climate, though, in a certain proportion 
of cases, . residence in these higher altitudes produces good effects if 
the greatest caution is exercised to avoid sudden chilling of the sur- 
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face by the use of woollen clothing and by remaining housed St Bi W 
morning and evening. It is a curious fact, too, lliat if a tendency 
to attacks of diarrhcea originate at a low level, a visit to an altitude 
will often be productive of good result, aud it is equally curious 
that the reverse holds true. In any event, for cases of diarrhoea or 
catarrh, that locality which has a dry soil and atmosphere is most 
essential. 

Passing from a consideration of the effects of high climatic treat- 
ment in America, we come to those places having a moderate eleva- 
tion, represented best by the Adirondack^, in the State of New York, 
and by Asheville, in North Carolina. The general altitude of the 
former ia 1500 to 3000 feet, and of the latter 2200 feet. In the 
Adirondaoks there is a relatively high humidity, but a great purity 
in the air, which is also very still as compared to the aerial conditions 
in Colorado. Further than this, the irregular configuration of the 
land, its heavy growth of timber, and its great number of lakes render 
sudden changes in temperature and high winds comparatively infre- 
quent. The extremes between summer and winter temperatures are, 
however, very great, as are also those between morning and evening; 
but even in winter the heat of the sun is sufficient to make exposure 
to the open air comfortable. 

At Asheville and its neighboring country, a region which we shall 
take as the type of an area having a medium elevation among 
American health resorts, the humidity is about (54 per cent, higher 
than in Colorado, and less than on the coast, which is an advantage 
to some cases of phthisis or irritative bronchitis, in which the dry 
air of Colorado often acts as an irritant. 

A further advantage of Asheville is to lie found in the influence 
which it exerts upon the circulation, which is important in many 
cases of phthisis, since slight cardiac dilatation and marked cardiac 
feebleness is a very frequent complication of this disease, preventing 
residence in high altitudes, or, when residence is possible, forbidding 
the exercise so essential to all cases of this character. Iu those cases 
having much shortness of breath and cardiac palpitation, au altitude 
which is equivalent to that of the Adirondaoks or Asheville is always 
to be preferred, aud the higher resorts only visited, if at all, after 
marked improvement has taken place in the cardiac, if not in the 
pulmonary condition. A further advantage in these moderate alti- 
tudes is that the change on returning home is not so marked as on a 
return from Colorado. On the other hand, it has been the writer's ex- 
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perience that persons contracting phthisis at places in the West having 
an altitude equal to Asheville, as, for example, many places in the Da- 
kotas, do better in Colorado, since the change in altitude in such a case 
is equivalent to the change made by the patient going from Phila- 
delphia to Asheville. The facts as to the advantage of clear days in 
Asheville, taken from the United States Weather Reports, show that 
since 1888 there have been 25 clear days out of every 30. The 
temperature of Asheville varies from 16°, as the coldest recorded in 
winter, to 59.80° as the warmest in that season of the year, and in 
summer from 30° to 88°, but the meau minimum for winter is 
44.95° and the maximum 56.54°, while in summer it is 55° and 56° 
and 76.76°. It will be seen, therefore, that this region has the ad- 
vantage of comparatively slight changes in the seasons and in diurnal 
temperatures, and that it occupies the position of being a moderate 
climate capable of doing great good, as experience has proved in 
many cases, and as theory would indicate, and with distinct indica- 
tions for its use based upon the rules already laid down for the choice 
of climate and for individual cases in particular. 

There still remain to be mentioned as types of low-level resorts, 
Thomasville, Georgia (330 feet), Lake wood, New Jersey, and San 
Diego, Los Angeles, and Pasadena, California, and parts adjacent. 

Thomasville and Lakewood gain their advantages through their 
dry, sandy soil and clear air, and are very useful in cases suffering 
from irritation of the respiratory mucous membrane. 

The climate of San Diego is dry and warm, equable and soothing. 
Its warmth depends upon its southern latitude and its equability 
upon its protection by mountain ranges and the nearness of the 
Pacific Ocean, which, through its black Japan current, tends to 
prevent excesses of cold in winter and heat in summer. Thus 
in winter the mean temperature varies from 60° to 70° ; the mini- 
mum temperature for December, January, and February being 54°, 
and for June, July, and August, 68°. The rainy days in the year 
are about 20 to 30, and the relative humidity about the same as 
Asheville, namely, from 60° to 75°. The character of the climate, 
while not stimulating, is nevertheless most useful for the feeble, and 
allows of residence without the necessity of travelling to avoid the 
heats of summer and cold of winter. It also allows of unlimited 
outdoor life and affords a generous diet, while good hotels and medi- 
cal care are also to be found. 



PART III. 



THERMIC AGENTS. 



Thermic agents may be defined as those which are measured by 
degrees of temperature. When they are brought in contact with 
other bodies a tendency toward the establishment of a temperature- 
equilibrium is developed, and the laws which govern this process 
are the same for animate and inanimate bodies. Animate objects, 
however, differ in these important respects that, on the one hand, 
they maintain life only within certain limits of temperature, and, 
on the other hand, that they possess the power of combating the 
causes which tend to disturb their normal conditions of body-heat. 

All organized structures are destroyed by extremes of tempera- 
ture; but when properly employed both heat and cold become valu- 
able therapeutic agents. 

At present only those comparatively moderate thermic variations 
which are brought into play in the practice of balneotherapy and 
hydrotherapy will be considered. 

The human body, on account of its constant temperature and 
unprotected skin, is very sensitive to thermic agents, even if the 
temperature approaches that of the part to which they are applied ; 
and for this reason general applications produce very marked effects, 
which are of a stimulating character. The law which regulates this 
stimulation is that the stimulation or physiological reaction is in 
direct proportion to the strength of the stimulus or the abruptness 
of its application. Thus, if we expose a motor nerve and heat or 
cool it gradually, no reaction — i. e., muscular contraction — is pro- 
duced, even if the application be contiuued to complete disorganiza- 
tion of the nerve. But if, on the other hand, a breath of cold or 
hot air is suddenly directed against a motor nerve, it will be stimu- 
lated and a muscular contraction will follow. 

The procedures of balneotherapy and hydrotherapy belong to the 
class of external stimuli which excite local and remote reflex effects 
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through the mediation of the nervous system. The changes pro- 
duced are principally vasomotor in character, and manifest them- 
selves locally and at a distance by alterations in the distribution of 
the blood and in the local circulation, in blood -pressure, in the phe- 
nomena of end osmosis and exosmoeis, and in the secretory functions, 
chiefly of the skin and kidneys. An influence may also be exerted 
upon the respiratory centres, upon the pneumogastrie nerves, a 
upon the body-teroperature; whereas, if purely mechanical stituul 
are employed, the temperature- variations are nearly always lot 
and depend exclusively upon modifications in the distribution of I 
blood. 

These powers enable thermic stimuli to exercise a very strong 
influence upon the nerve-centres, which respond with various phe- 
nomena; some of which are readily investigated in tbe laboratory, 
while others elude tbe scientist and are recognizable only by the 
clinician at the bedside. The clinical results obtained by the use of 
thermic agents are of great practical importance, and they consist 
in an exaltation or depression of nervous energy, so that we speak 
of the effects as tllmuitint or tonic, or as depre&tanl or sr<Mirr. 

Thermic agents employed in the treatment of disease also possess 
the peculiarity that, while stimulating the cutaneous nerves, they at 
the same time convey to or abstract from the economy a certain 
amount of heat, a feature which separates them sharply from all 
uther modes of peripheral excitation. 

Since thermic agents are represented chiefly by air and water, i 
is important to remember that the former has a very much s 
absorbing power and capacity for heat titan the latter. For thia 
i' . ■ ■ iM we are better able to endure variations in the temperature o 
tbe air than of water. 

The naked body can remain indefinitely in au atmosphere ■ 
90° F., while a bath in the same temperature produces a sense i 
cold or even a chill. In order that the conditions be equivalent t 
bath must have a temperature of 104° to 112° F. Conversely,: 
bath at 115° F. is hotter and of greater influence than an atiim* 
phere of the same temperature; and it is upon these facts that \ 
base our judgment as to the temperature of thermic applications in 



Passing on from these theoretical conclusions to their pract 
application, we find that as the mean peripheral temperature of n 
is 98.5° F., the temperature of a temperate bath should be 100° F. 
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Baths having a temperature of less than 90° F. are considered cold; 
the ordinary cold bath has a temperature of 75° F. (Liebermeister). 
Hot baths have usually a temperature of from 112° to 120° F., the 
last being rarely exceeded. Above 120° F. a bath becomes both 
insupportable and dangerous. 

In respect to the temperature of douches, it is important to distin- 
guish between the projection of water in drops and the effect of 
immersion proper, since, among other differences, the former affects 
the body-temperature far less than the latter. The classification 
varies with different authors, but we can well adopt that of Fleury, 
slightly modified by Beni-Barde, who states that the very cold 
douche should be 52° to 60° ; the cold, 60° to 70° ; the cool, 70° 
to 80°; the temperate, 80° to 90°; the hot, 90° to 100°; the very 
hot, 100° to 120°. 

Here, also, as in the case of the bath, a temperature of 125° is 
seldom surpassed. It is evident, however, that the water may be 
colder for the douche than for the bath. In the douche the mass 
of water is far smaller than in the bath, and the effects of percussion 
facilitate the reaction of the organism. The duration, moreover, is 
always brief, and very brief if the water used is very cold. For 
limited applications the temperature of the water may be very low ; 
and even ice-water may be used. 

Hot-air baths are divided into those in which the air is moist and 
has a temperature varying from 115° to 145°, and those in which 
the air is dry and the temperature 145° or less, though it may rise 
to 200° or even higher. 

A very important part of the application of thermic agents in 
disease is the condition of the individual, which is necessarily quite 
variable and must be carefully noted. Even in health we note ap- 
preciable differences in reaction to thermic stimuli, whether these be 
hot or cold. The differences depend, in the main, upon the state of 
the circulation, the activity of the sweat-secretion, and the excitability 
of the nervous system. Sometimes they are the consequences of 
habits formed in childhood. In disease the variations are more 
marked and the effects produced are intensified. 

By combining different forms of application, as the alternate use 
of hot and cold water, the addition of mechanical irritation, the de- 
gree of stimulation and the intensity of the reaction may be varied 
within wide limits. The employment of thermic agents in order to 
secure the best results is an art which, though in a measure depend- 
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\n'£ nff/fi a knowledge of certain scientific facts, can, in the end, be 
acq fj I red only by practical experience. 

In vi r description of th* practical employment of thermic agents, 
?re *hall be^in by considering the effects of cold water. For con- 
venience the subject may be divided into two parts — a general 
description of the effects of cold applications and a description of 
the special pror*dures. 

The -cn&tions which we perceive at the points touched are specific 
and distinct from other modes of cutaneous sensation. Physiologists 
have discovered that there are points on the surface where heat and cold, 
but not pain, i-> felt. These are the thermic points of Blix and of 
Oold-joheider. The nerve apparatus of the thermic sense is double ; 
i.*., there are nerve^ndings sensitive only to cold, others that respond 
only Ut heat (frigorific and calorific points). 

According to Her/en, the sensation of cold is, as are tactile im- 
prcHsions, transmitted to the brain by the posterior columns of the 
spinal cord, while heat-sensations, as well as those of pain, pass 
upward by the anterior columns. These theories, however, still lack 
positive proof, and all that is definitely known is the fact that the 
human skin is very sensitive to temperature- variations, and that the 
Humiliation resulting from such variations is conducted to the central 
nervous system. 

Intense cold lowers the acuteness of cutaneous sensation, and may, 
therefore, Ik; employed for the production of local anaesthesia. Cold 
applications of short duration, the water having a temperature of 
from /J0° to 80° F., exalt sensibility, a fact that may be demonstrated 
by means of the icsthcsiometer. At the .point of application the 
skin Incomes pale, on account of a vascular spasm, and presents .the 
phenomenon of " goose- flesh, " the latter resulting from a constriction 
of the smooth muscular fibres of the integument. These effects are 
manifested with a rapidity and intensity proportionate to the strength 
of the Htimulus. At the periphery, IkjIow the point of application, 
tike arterioles are contracted, their calibre being reduced to one-half 
or one-fourth the normal, or even entirely obliterated, a fact that 
Borvcs to explain the styptic; action of cold. 

Dolnms and Winternitz have shown by the use of the sphygmo- 
gmph that under the influence of cold applications to the arm or 
forearm the elevation to which the lever of the instrument rises 
diminishes as the strength of the thermic stimulus increases. The 
iuriar" * *Mirt touched l>ecoines cold, since it strives to place 
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itself in temperature-equilibrium with the water. As, however, 
animal tissues are bad conductors of heat, and as the subjacent 
muscles have a tendency to become hypersemic, the depression of 
temperature remains localized, neither extending widely upon the 
surface nor penetrating deeply into the tissues (Esmarch, Schlikoff, 
Wertheim). Owing, however, to circulatory changes, the tempera- 
ture falls in the distal regions — e. g., in the palm of the hand — when 
ice is applied to the forearm, or under the tongue when cold applica- 
tions are made to the back of the neck. At the same time, and for 
similar reasons, the volume of the distal parts diminishes, as Francois 
Frank and Winternitz have shown by the aid of volumnometers. 
Above the point of application, on account of the obstruction offered 
by the region subjected to cold, there is an increase in blood-pressure 
and an augmentation of the activity of the collateral circulation. 
As a result, a certain degree of collateral hyperemia is developed 
which brings about a local rise of temperature. Such an elevation 
is found to occur in the axilla when cold is applied to the arm, 
though there is synchronously a sinking of the temperature of the 
palm. 

We may conclude, then, that cold has the power of increasing the 
vascular tone, either by an action on the muscular coat directly or by 
stimulation of the peripheral ganglia. 

A peculiar phenomenon, first described by Edwards, and known 
as crossed effect, is that when one's hand is plunged into cold water 
at 32° F. a thermometer held in the other hand will show a fall of 
temperature. 

Tholozan and Brown-Sequard have made a series of experiments 
on this subject, using both hot and cold water. When applied to 
one lower limb the cold water produced a fall, the warm a rise, in 
the temperature of the other lower limb. In later studies Brown- 
Sequard and Lombard, by means of the thermo-electric needle, were 
able to observe similar effects after simple pricking of the skin ; and 
the experiments of Francois Frank and of Winternitz have proved 
that when cold is applied to one hand the other suffers a diminution 
in volume. 

All these phenomena, the modifications in temperature and in 
volume, are dependent upon variations in the distribution of the 
blood. 

All the known facts concerning these effects may be summed up 
as follows : 
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1. In ihe course of local applications parts not touched and uot 
homologous sufter a change in the condition of their circulation, 
which is the reverse of that in the parts subjected to the application ; 
there is, so to speak, a compensatory change. 

2. Under the same conditions there is an antagonism between t 
state of the peripheral and that of the central circulation. 

The effect is more intense the more extensive the application of 
cold. In the cold bath, and even during the cold douche, the periph- 
eral vessels are energetically contracted. The vasomotor system, 
reacting to the reflex stimulation, opposes a barrier to the abstraction 
of heat by restraining the conveyance of the blood to the surface. It 
is at that moment that the skin grows pale and assumes the "goose- 
flesh" character. At the same time the internal orgaus become con- 
gested from vaso-dilatatiou. This is not solely due to a compensatory 
action, but, as we shall soon see, depends also, when the applications 
are somewhat extensive, upon disturbances of thermogeuesis. The 
contraction of the cutaneous vessels under the application of cold 
leads to an increase in the rapidity of the current and an elevation 
of the pressure of the blood. This has been proved both by the 
use of the sphygmograph by Dclmas and Winternitz, and by the 
apparatus of von Basch. 

It is very probable that the blood-pressure rises very markedly 
under the iufluen<« of cold applications, notwithstanding the com- 
pensation due to central vaso-dilatatiou. Since the time of Howard 
F. Johnson (18.52) alt advocates of hydrotherapy are iu accord i 
stating that cold applications modify the action of the heart (Fleury, 
Bent* Jones and Dickinson, Scharlan, Petri, Delmas, Winteruitz, 
and others), the changes being analogous to those produced by pain- 
ful stimuli (Naumaun, Rob rig, Frauk), and the principal facts that 
have been developed in this connection may be expressed as follows: 

A localized peripheral irritation, mild in character, such i 
produced by the application of ice to the arm, is without influence 
upon the hcait. 

A more energetic, but still limited, application may or may not 
produce an effect. 

When the application is general the contractions of the heart im- 
mediately become precipitous and irregular. Slowing never occurs 
in the beginning. The large cold douche influences the heart more 
energetically than any other procedure. During its continuance the 
pulse becomes filiform and irregular; and at times there is in the 
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beginning a transient tetanic state of the heart, which causes a 
momentary disappearance of the poise (Del mas). A somewhat 
violent and prolonged douche mar induce collapse and syncope. 

The rapidity of the heart increases part passu with the elevation 
of arterial pressure under cold applications, constituting an excep- 
tion to March's law, that the pulse becomes slowed in proportion as 
the pressure rises. 

Partial applications exert no influence upon respiration, but ex- 
tended applications render the respirations irregular and jerky ; the 
douche may in the beginning produce a sense of oppression and 
anxiety. 

The temperature-changes are of considerable interest. In spite of 
the physiological mechanism, the activity of which maintains the 
bodily temperature, the thermic regulation of the human economy is 
not perfect. 

Every abstraction of heat, whether great or small, is followed by 
a fall of the internal temperature, although this is not immediately 
felt. During the action of the application the variations in tem- 
perature depend, as has been stated above, upon the intensity and 
extent of the applications. As we have seen, cold applications of 
limited extent cool the part they touch and warm the neighboring 
regions ; they may also have a crossed effect. Edwards held that 
the fall of temperature in the opposite limb was due to a cooling of 
the blood. This is not the case. It is best explained by a reflex 
action, under the influence of which the afflux of blood to the part 
diminishes. 

In order to influence the central temperature Leube estimates that 
a cold application must cover at least a third of the cutaneous sur- 
face. A general application, even if brief in its duration, always 
reduces the temperature. Occasionally, while the variations in the 
temperature of the superficial and intermediate zone of the body are 
quite marked, those in the central zone are very slight, particularly 
in the healthy, non-febrile subject. During fever the central tem- 
perature is more easily modified, since the thermic centres are then 
comparatively weak and impressionable. The studies of Delmas, 
Liebermeister, Winternitz, Aubert, and Couette enable us to formu- 
late a general law, which may be stated as follows : 

Under the application of cold to the general surface a tendency is 
manifested, in spite of the physical withdrawal of heat, to an ele- 
vation of temperature in the intermediate and, at times, in the oen- 
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tral zone of the body. An immediate reduction of temperature is 
rarely observed ; only exceptional conditions of cooling by powerful 
and rapid measures bring about this result. 

The tendency of the body is to consume its heat by contracting 
the peripheral capillaries and thereby preventing the blood from 
leaving the central and warm portions of the body. In disease, 
however, we may find it necessary to produce a prompt depression 
of the temperature by causing dilatation of the peripheral vessels by 
nirans ill' mechanical manoeuvres, such as friction, which causes an 
increase in the loss of beat through the skin through increased circu- 
lation. 

The course of the fall in temperature in the full bath is retarded 
by corpulence and by voluntary movements (Senator, Liebermiester, 
etc.), and for the reasons just given it sets in earlier if cntaneous 
friction is practised (Winternitz). 

The influence of cold applications on blood-How, blood -presnire, 
and the temperature may be summarized as follows : 
r t 'I t' fii j j Contraction of the peripheral, dilatation of 
( the central vascular network, 
f Increase*! by the general application of cold, de- 
Blood -pressure | ^ th(? compensatury vasodilatation. 
State of the heart — Acceleration ; irregularity. 

f Elevation of temperature in the intermediate zones. 
Temperature < No change or a rise in central temperature. 

|_Fa!l if application is prolonged or very intense. 
It is now proper to take up the secondary phenomena produced by 
the applications of thermic agents. In a general way it may be said 
that all the phenomena that are primarily excited by cold applica- 
tions are followed by others of an inverse type. When the appli- 
cations are of moderate degree and short in duration, the secondary 
changes manifest themselves only upon the cessation of the stimula- 
tion. When the application is prolonged, some of these phenomena 
supervene during its continuance and become accentuated after its 
■minatiim. 
nese secondary or post-operative effects constitute the real effects; 
are the therapeutic end which we desire and for which we strive. 
' correspond to that which writers on hydrotherapy have desig- 
1 as the hgdrat/ierapeutic reaction. The significance of this term 
however, not identical among authors. Fleury, one of the first to 
I attention to it, designated by the term the return of the blood to 
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the periphery — i. e., the circulatory reaction. Beni-Barde applies 
the word to the spontaneous or induced return of the heat to the 
limbs ; with him it is the thermic reaction accompanying the return 
of the blood. An analogous thought is expressed by Scheuer, who 
considers as the reaction the establishment of a normal thermic 
condition about the extremities of the nerves. 

As the return of the peripheral warmth has not the same physio- 
logical importance as the fluctuations of the central temperature, 
other authors, among them Aubert and Bottey, prefer to express by 
the word " reaction " the general course of the central temperature. 
Couette finally has considered the question from another point of 
view, and considers the reaction to be the struggle of the system 
against the cold, expressing itself in an increased activity of nutri- 
tion and combustion. 

Taking up now the secondary phenomena individually, we find 
that after the local application has been terminated the constriction 
of the vessels ceases and a dilatation takes its place. The contrac- 
tion is brisk, but the relaxation is slow and gradual ; the skin be- 
comes red, the goose-flesh vanishes, the temperature rises progres- 
sively. For a long time, however, a certain degree of stasis of the 
blood, and probably of the lymph, remains. 

Analogous changes take place in the deeper parts. If the appli- 
cation of cold has been very intense, a loss of tonicity of the cuta- 
neous and even the deeper vessels may result, and if the relaxation 
is prolonged so that permanent stasis is threatened we resort to 
mechanical stimulation in the form of friction as one of the most 
efficient means of favoring the return of the blood to the periphery. 

When the douche is employed in place of the bath the secondary 
changes in the blood-pressure and in the condition of the health are 
somewhat different from those first described. As soon as the patient 
begins to dress the pulse diminishes in frequency, often sinking below 
the initial number, while arterial tension remains elevated. Later, 
however, the pressure falls likewise, but the slightest impression of 
cold at this time is capable of again raising it. Gradually the pulse 
gains its normal characters. The minima of pulse and tension, as 
well as the maxima, generally correspond (Delmas). This indicates 
that under the condition in question, contrary to what obtains ordi- 
narily, there exists a sort of independence between the heart and the 
vessels. 

The modifications in the distribution of the blood at the periphery 
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of the body are, as has beeu stated, accompanied by changes of a 
reverse character in the deep circulation. 

The preliminary central vaso-dilatutinn is replaced by a vaso- 
constriction, which leads to anremia of the internal organs. Francois 
Frank, in his recent studies on revnlsives, has obtained from the be- 
ginning a vaso-oonstriction of the deeper parts and a general vaso- 
dilatation elsewhere. 

Many theories have been advanced to explain the cardiac changes, 
but none are satisfactory ; it is, therefore, not necessary to dwell upon 
them. 

The irregular respiratory movements previously referred to are 
succeeded by deeper and less rapid movements during the existence 
of the secondary effects. {Rohrig, J,. Lehman ti.) 

The most important, however, of the secondary changes, are those 
occurring in the body-temperature. They have been so thoroughly 
studied that we can speak with considerable precision upon them. 

After local applications the return of heat to the periphery takes 
place slowly and gradually, paripaxxu with the restoration of the 
normal circulation. In the case of general applications, the changes 
of the central temperature, which are the most important, follow a 
variable course, according to circumstances. 

The central temperature declines in the period during which the 
blood is returning to (he periphery and while the arterial tension is 
falling; afterward it rises to the normal in a gradual manner. 

It is noteworthy that it is during the period of temperature-fell 
that the patients experience the sensation of comfort which accom- 
panies the hydrotherapeutic reaction, and which appears to be due to 
the return of the blood and warmth to the periphery of the Iwdy. 

The course of the changes following a cold application is afFected 
especially by repose, by exercise, and by mechanical stimuli. 

Exercise hastens the occurrence of the secondary phenomena; it 
causes a diminution in the pulse-rate, lowers the central temjwrature, 
and at the same time raises arterial tension. Friction after the ap- 
plication acts in the same manner. Exercise or friction before the 
use of the douche exaggerates the intensity of the reaction. 

For the thorough understanding of the uses of cold in treatment 
it is necessary that the physician understand not only the effects pro- 
duced on the nervous and circulatory systems, but also those which 
manifest themselves in the body-temperature, particularly in its re- 
lation to tissiu-waste. 
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Many careful researches have been made as to these points after 
two methods. In the one the loss of heat has been ascertained by 
means of the calorimeter ; in the other, the so-called indirect method, 
the products of combustion are determined. 

Calorimetric measurements are not altogether trustworthy. The 
indirect method is also open to reproach, but is that adopted by the 
best physiologists, who have attempted to solve the problem simply 
by calculating the respiratory combustion ; that is, determining the 
amount of oxygen consumed and of carbon dioxide excreted. This 
method, however, yields only a fraction of the total, but a fraction 
which is very important and readily obtained under varying condi- 
tions. 

The fact has been determined by many investigations that in 
warm-blooded animals cold increases the consumption of oxygen. 

Among the most recent experiments, those made by Fredericq upon 
himself are worthy of the greatest confidence. They were made by 
means of an apparatus similar to that of Reynolds and Reisch. A 
condition of cold was obtained simply by disrobing the body. A 
number of experiments were made for the purpose of determining 
the influence of various causes, especially the action of food. The 
author constantly found an increase in the consumption of oxygen 
corresponding to the intensity of cold, or, rather, to that of the sub- 
jective sensation of cold at the periphery of the body. 

The action produced by cold during the course of digestion is 
insignificant on account of the great production of heat by the 
activity of the glands. During fasting the production of heat is 
insufficient, and if the individual remains at rest the internal tem- 
perature falls. 

Similar results were obtained by Fredericq in experiments upon 
the rabbit. The projection of cold water against the body of the 
animal led to an augmented consumption of oxygen and an increase 
in the excretion of carbon dioxide. 

The conclusions of Fredericq have been confirmed by others. A. 
Loewy and Zuntz have proved that the increase in thermogenesis 
under the influence of cold does not, in man, rise in any constant 
manner. In the human subject the skin appears to be the principal 
and sometimes the only instrument of thermic regulation. Never- 
theless the existence in man and warm-blooded animals of a regu- 
lating apparatus which modifies thermogenesis and becomes active 
under certain conditions is now generally accepted. The centres 
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of this apparatus are situated in tbe spinal cord and brain, and 
their action is to maintain the tone and energy of interstitial uxi- 
datiou. Section of the spinal cord near the medulla causes a pro- 
gressive fall of temperature, which transforms certain species of 
warm-blooded animals iuto cold-blooded animals. The excitation 
of tbe centres by puncture (ITeidenheim) or by electricity (Frederic*] | 
increases the intensity of tissue-combustion. The I'entres are reflex, 
not automatic in action. Fredericq's experiments leave no doubt 
upon this point. Tims the inspiration of cold air, even the degluti- 
tion of ice, leads to the internal cooling and a diminution in oxida- 
tion. An increase iu oxidation only results from an action of the 
cold on the sensory nerves of the skin. The mechanism is reflex, 
like that of tbe vasomotor centre which governs the distribution of 
the blood. 

The seat of the increased oxidation under exposure to cold is in 
the muscles. This has been abundantly proved. Localized cold 
applications produce an Increase iu the tonic state of the muscles, 
not only in situ, but also at a distance. During extensive applica- 
tions, as in the case of the bath or tbe douche, the patients frequently 
shiver or are seized with a distinct chill. The cold bath, with the 
water at a temperature of from 68° to 77° F., generally produces 
an immediate but not intense chilling; then, after a variable period, 
a second aDd more pronounced chill supervenes ; it soon passes into 
a tremor and is an indication of (he onset of danger. The applica- 
tion should always he suspended before tbe appearance or immedi- 
ately on the beginning of this second chill. After a very cold or 
prolonged bath the chill persists for a certaiu period of time. Ac- 
cording to the experiments of Loewy and of Zuntz, the increase in 
the consumption of oxygen is dependent upon the manipulations on 
the part of the muscular system. When the cold applications were 
neither too intense nor too prolonged, some of (he subjects experi- 
mented on remained quiet and did not shiver nor tremble with chill 
in them the consumption of oxygen was not augmented. Speck 
pointed out the relation of oxygen-consumption to voluntary maty 
incut. 

When cold applications of moderate degree are supported witl 
the production of augmented consumption of oxygen, the fall in 
central temperature either does not occur at all or is very slight 
In these eases the thermic regulating apparatus located in the 
neous network is perfect or almost perfect. Although there is undi 
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these conditions an inevitable abstraction of heat, yet the changes in 
the distribution of the blood in the skin are able to restrict the loss, 
and even to determine a certain degree of retention of caloric, to 
which we must ascribe the initial rise in the central temperature, in 
the absence of a sensible increase of oxidation. 

In summing up this part of the subject, we may say that in man 
and other animals possessing a constant temperature, the resistance 
to cold depends upon a diminution in the cutaneous radiation, as well 
as in an increase in the production of heat. In man, whose integu- 
ment is naked and sensitive, the chief factor is the restriction of loss 
through the skin. 

The action of cold extends also to the unstriped muscles inner- 
vated by the sympathetic nerves. The application of cold com- 
presses to the abdomen or the cold douche to the hypogastrium 
produces a contraction of the bladder, and, likewise, a cold foot-bath 
causes contraction of the uterus. 

The action of cold on the cutaneous functions proper, the secretion 
of sweat and perspiration, is as yet but little known. According to 
Rohrig, perspiration is diminished by a fall of the temperature of 
the skin. But it is possible, though not yet proved, that it may be 
increased after the return of the blood and the peripheral warmth. 

As for the sweat, 1 it appears to be well established that cold appli- 
cations lessen its secretion. Diuresis, on the contrary, is promoted, 
although it is necessary not to confound this with the mechanical 
evacuation of the bladder by reflex contraction. 

An increase in the quantity of urine has been proved to exist by 
Miiller, in Claude Bernard's laboratory, and was by him ascribed to 
renal hyperemia. It manifests itself ten minutes after the applica- 
tion, and the urine passed may contain a trace of albumin. Hydro- 
therapy is capable of increasing, under certain conditions, the so-called 
physiological albuminuria. 

Cold also produces an increase in the intestinal secretions, although 
the anticonstipating effect of cold applications may sometimes be as 
well explained by reflex contraction of the intestines as by augmented 
secretion. 

Refrigerating applications are frequently combined with mechani- 
cal procedures. The combined effects have been particularly studied 
by Winternitz. The mechanical stimulus may be a part of the 

1 By perspiration the author evidently refers to what we call imperceptible perspiration in 
detection from sweat.— Ed. 
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thermic agent itself, as the pressure of the water, or may take tl 
form of friction, massage, etc. 

The pressure of water is not exactly measurable, since 'luring 
an application it is constantly subject to changing conditions. It 
may be graduated, however, with sufficient accuracy for practical 
purposes. 

Pressure impedes muscular movement and may interfere vrftfa 
respiration when the application is made to the upper part of tl 
trunk. 

In driving back mechanically the blood contained in the skin, the 
pressure contributes to the production of cutaneous aniemia, and 
also renders the subsequent vaso- dilatation more easy. The effects 
remain superficial if the water is nol in motion; but extends to the 
deeper tissues, by virtue of a sort of massage of the muscles, if the 
stream is targe and the pressure high, and the employment of a 
strong pressure and of the unbrokeu jet may lie followed l>\ fatigue 
and exhaustion, even when the application is brief. 

Diverse experiments have shown that friction increases in a con- 
siderable degree the loss of water through the skin. According to 
Weisroch, the augmentation may, with light friction, amount to 50 
per cent. But the most prominent effect of friction during the use of 
cold consists in an increased loss of heat. This loss has been meas- 
ured by means of partial calorimetry. Popischil found that moist 
and cold friction, limited in extent, increases the loss of heat 80 per 
cent., while cold douches, followed by exercise, augmented it 67 per 
cent, and observations of Liebermeister and of Winteruitz illustrate 
the practical importance which is attached to these mechanical means, 
especially when employed in antipyretic medication. 

When friction is made with sufficient energy it altogether pre- 
vents the appearance of chill by augmenting the tall of the central 
temperature, and it plays an important rS/e in eases in which it is 
necessary to abstract a large quantity of caloric. 

Remote effects are sometimes produced by cold applications. These 
phenomena are only known through observation on the sick, since 
they almost entirely elude experimental study. They possess no lesa 
interest, however, for it is iu reality the late effects which iw ilcsire 
to obtain by our treatment. Among them is a modification in tem- 
perature, which may become an inconvenient feature in the use of 
cold applications. 

Occasionally the fall of the central temperature is succeeded, as a 
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late effect, by a temperature- rise. This augmentation of temperature, 
which constitutes what has been termed the counter- reaction, is the 
rale in fever patients subjected to cold bathing; Winternitz and 
Jurgensen claim that it may also be observed in non-febrile cases. 
Its occurrence seems to depend on diverse individual aud external 
circumstances. Yet it is very rare after properly conducted hydro- 
therapeutic measures. Several writers have observed in the applica- 
tion of hydrotherapy the development of a pseud o- febrile state, a 
form of transient crisis which terminates in abundant sweats aud a 
furunculous eruption, and which presents a certain analogy to the 
so-called thermal crisis. This crisis was formerly considered salu- 
tary, and it was customary to strive for its production. It seems 
almost exclusively to follow the abuse of hydrotherapeutic methods, 
but occurs rarely when these are ratioually and intelligently applied. 

The most important late effects are those upon the general nutri- 
tion. 

Cold, as has been intimated, tends to increase the consumption of 
the hydrocarbons coutained in the muscles. This action, however, 
is transient and even inconstant, and cold in this respect is inferior 
to other agencies, such as exercise, food, etc. (See Fredericq and 
others.) 

The hydrotherapeutic measures also iufluence the oxidation of 
albuminous principles, and thus bring about a change in the urine. 
Kircjeff has recorded au increase in the excretion of urea, uric acid, 
and chlorides. Others have found a diminution in the uric acid and 
the phosphates. But the variations are neither constant nor marked. 

Sometimes the weight of the patients indicates that nutrition has 
been deeply affected. Ollen there is au increase in weight, as in 56 
out of 100 eases observed by Winternitz. This fact doeB not accord 
with the theory of decreased assimilation. But it is essential to note 
that the observation concerns sick persons who arc not placed under 
an identical aud unvarying rfglmt ; the increase in them consequently 
is due to an improvement in the appetite as well as to a stimulation 
of the majority of the functions capable of bringing about a belter 
general condition. 

It may, then, be definitely asserted that hydrotherapy safely con- 
ducted is favorable to the re-establishment of the equilibrium of the 
important functions. 

The majority of patients treated at establishments speedily become 
il and develop a desire for muscular exercise. 
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Usually, with the amelioration of the general state of the health, 
the sleep becomes more regular, more profound, and more refreshing. 

Another of the remote benefits of the treatment which deserves 
mention is the diminished sensitiveness to cold. There are probably 
great individual differences in respect to the loss of heat by the skin. 
Researches are wanting on this subject, but we may readily take 
cognizance of these differences by noting the variability of the sen- 
sations which we ourselves experience in our contact with the skin of 
different persons. Thus certain individuals, generally those some- 
what obese, have always a cool or even cold skin, while in lean per- 
sons the skin is usually warm. In the first class of subjects hydro- 
therapy is able to iucrease the loss of heat by stimulating more or 
less permanently the languishing cutaneous circulation. As this may 
conduce to a loss of flesh, the hyd roth erapeu tic treatment may be 
employed as a means of treating obesity. 

Iu the other class of persons the hyd roth era peutic methods re- 
strain the loss of heat by increasing the tonic state of the cutaneous 
vessels and bringing about a modification in internal oxidation. 
Under these circumstances hydrotherapy leads to stout new. 

From what has been said it follows that repeated stimulation of 
the thermic regulatory apparatus is capable of modifying favorably 
many vices of general uutrition. But to secure such a result it is 
requisite that the heart and vessels, the respiratory and digestive 
organs, possess a certain degree of vigor. Young persons profit 
especially by cold applications, since they possess a nervous system 
that reacts promptly, and organs that are not altered structurally to 
any degree. In those in whom heart and vessels are degenerated the 
treatment must be most gentle and must lie applied with great circum- 
spection. The same is true iu the case of those whose nutrition is 
poor, and whose nervous system is feeble, as in the aged, the extreme 
young, the profoundly aniemic, and the neurasthenic of certain types. 

Employment of Cold Internally. Cold is of use internally. Cold 
water may be drunk even during the course of the applications or 
in their stead. Sometimes also injections of cold water are employed. 
The effect of these have been investigated by Liehteniels, Frohlicli, 
Liebcrmeister, and Winternitz. 

According to the same authority, a rectal injection of a litre of cold 
water lowers the temperature of the stomach 1° (0.9°), that of the 
rectum 1.5°. Sphyginographic tracings taken during these eiperi- 

'iits indicate an increase in arterial tension. 
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Awarding to Frederico,, the inspiration of cold air or the swallow- 
ing of ire is followed by a reduction in respiratory combustion. 

Rectal injections of cold water have been employed for combating 
pyrexia by many physicians, notably Foltz, of Strasburg, but its 
external use is more wise. 

Cold applications also act upon the secretion of the bile, and 
Bidder and Schmidt, Nasse, Lehmaun, and Rohrig have noted an 
increase in the quantity under their influences. Perhaps this is 
simply due to a reflex contraction of the gall-bladder. In any ease, 
it is on the strength of this effect that rectal injections have been 
sug^fsted in the treatment of catarrhal jaundice. 

Cold applications may be made by means of spiral coils, through 
which cold water is made to flow, and by ice-bags. The coils pos- 
sess the advantage that they may be given any hour, and that they 
prevent the heating of the parts to which they are applied. They 
are generally made of robber, uud may or may not be covered with 
linen. 

Sometimes cold cushions, through which water is allowed to flow, 
arc sulwtituted for the coils. Among other forms of apparatus con- 
structed on the principle of the coils, mention may be made of the 
belt of Dumontpallier and Galante, the use of which seems to have 
been abandoned ; the refrigerating bonnet and others. 

Ice-bags are made of bladders or of rubber saes; those of Chap- 
man, intended for application to the spinal region, are most eommouly 
employed. The vaginal ice-bag should also be mentioned. 

The cold sound is a double catheter, without fenestra (Winternitz), 
possessing an afferent and efferent tube. The end of the sound is 
passed as far as the neck of the bladder ; water of o0° to 60° is 
then allowed to circulate through the sound for from eight to twelve 
minutes. It is often better, however, to begin with warmer water, 
62° to 66°, and then cool it gradually. Burgonzio has found the 
cold sound useful iu seminal emissions and in impotence. 

Atzperger has designed a similar metallic tampon for the purpose 
of conveying cold to the rectum, as a means of treating hemorrhoids 
tad praatatto congestion. 

A few words may with propriety be devoted to the use of air as a 
means of lowering temperature. 

By means of its physical properties air does not possess the power 
of abstracting heat to any marked degree. The effects of air-baths 
have lieen studied by Kaczarowski (187SI) and by Traubcnberg(1883). 
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More recently tlie subject has been revived by Soltau Fenwick, 
London, who has devised an ice-cradle. The apparatus ■ ■< >n.-i.-i.^ . 
five or six hoops resting with their bases upon the bed. From tin 
centre of the curve of each hoop bangs a bucket half-filled with ice 
Each bucket is covered to prevent dripping, and a light cover is 
thrown over the hoops. The patient, protected by a thin, non-trans 
parent muslin cover, and with hot-water can at his feet, is surrounded 
by a cold atmosphere. The air should circulate freely alx>ut the bed. 
By this method the temperature of the atmosphere is lowered only 
one or two degrees. Nevertheless, a chill may sometimes occur ( 




the body -temperature may fall below 101°. lu either ease the ap- 
plication is suspended. Quite often it has been found necessary to 
keep typhoid patients in the ice-cradle for ten to fourteen consecutive 
hours. 

Mention should also be made of the air-douche of Dupont (1884), 
in which douches of compressed air are administered. The air is 
obtained from the tubes in connection with the pneumatic clocks 
that are in use in Paris. The expansion of this air produces quite 
a high degree of cold, while the curreut of air striking the body 
produces a form of percussion. 

Since the heat-capacity of air is much less thau that of water, the 
procedure is more analogous to massage than to the cold douche. 
Dupont states that he has observed stimulation of deep muscles, a 
of the stomach, when the air-douche is applied t" the epigastrium. 
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He does not allude to the temperature-changes. The skin at the 
seat of application becomes red, and the patient experiences a sense 
of peripheral warmth. 

Hot Applications. 

Physiological Effects. The effects of hot applications are not, as 
it might at first appear, the reverse of cold applications ; there are 
certain analogies between them, but also pronounced differences. The 
latter depend chiefly upon the fact that heat brings into play a 
physiological mechanism differing from that called into action by 
cold. The analogies are in the mode of application, as both are 
essentially external means. Sometimes heat and cold are employed 
in combination or alternately. The physiological effects are such 
that it is advantageous to point out briefly the distinctions between 
hot and cold hydrotherapy. 

The stimulation of the cutaneous thermic nerves by heat produces 
local phenomena which are in part reflex, and, therefore, analogous 
to those excited by cold. Then there is at first vaso-constriction, 
such as follows any form of stimulation ; it is more marked the more 
accentuated the difference between the temperature of the thermic 
agent and that of the skin. But while the vaso-coustriction due to 
cold tends to persist, that following a hot application is transient and 
is soon followed by a vaso-dilatation, which continues as long as the 
application lasts. When the temperature of hot water is moderate 
(about 100° F.) the tactile sensibility is rendered more acute; when 
the temperature is 120°-126° the sensibility is dulled, as it is by in- 
tense cold. As a characteristic accompaniment of the vaso-dilatation 
we have sweating. 

The effects of hot applications on remote portions of the body are 
less marked than those following the use of cold, but they are subject 
to the same general laws, particularly as regards the crossed effect 
and the compensatory phenomena. Thus the experiments of Brown- 
Sequard and Tholozan have shown that the warming of a hand or a 
foot produces vaso-dilatation and congestion in the homologous part. 
On the other hand, it has been observed by Winternitz that a sitz- 
bath at 112° F. produces a compensatory diminution in the volume 
of the arm, whilst cold, as stated on a previous page, produces an 
increase in volume. The sweat-secretion also obeys the law of crossed 
effect. In one of his experiments Adamkiewicz applied a vessel 
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filled with water at 122° to a man's thigh, and noted congestion of 
the limb and sweating of the foot, and the other limb began to sweat 
at the same time. 

When the hot applications are localized and brief in duration they 
modify neither the general circulation nor the heat- prod net ion. In- 
creased warmth is found only in the parts touched and in those the 
seat of a reflex vaso-dilatation. When the applications are more 
widespread general reactions are produced. 

Regarding the changes in the distribution of the blood under the 
effects of heat, Mosso and Bergesio, in their experiments upon the 
Cerebral circulation in man, have found that during a hot foot-bath 
the vessels of the brain at first are dilated, the current is slowed, and 
the veins become congested — these changes corresponding to a c 
■triction of the peripheral arteries. Soon cutaneous vaso-dilatation 
seta in, and synchronously with it the cerebral congestion gives 
place to anremia. These modifications are naturally more intense 
in the case of a general hot bath. Simitar observations have been 
made by Schiillor upon trephined animals. It is highly probable 
that analogous changes take place in other internal organs ; these 
facts also offer an explanation of the debility and tendency 
syncope which develop in the course of energetic and prolongi 
hot applications. 

In certain regions of the body the circulatory changes are peculiar 
and differ from those just described. Thus it has been found by 
Katzaurow that during a hot pediluvium, or hot bath, the eye pre- 
sents first a condition of anemia, which is followed by an intense 
congestion. The ocular changes correspond in character with the 
of the peripheral none of the body. 

The majority of authors note an increase in blood -pressure under 
heat, due to a compensation of the peripheral vaso-dilatation by con- 
striction of the deeper vessels. L. Lehmann -found the pressure 
increased in hot as well as in cold baths. Grefberg, in experiments 
on curarized dogs, observed a rise in tension during the bath at 122°. 
Schuller, in stndies upon rabbits, obtained only a brief rise, followed 
by an abrupt fall. 

Action on the Heart. The effect upon the heart varies with the 
intensity of the application. In general the pulse-rate falls slightly 
during the first stage of the circulatory changes, and rises in the 
second (Mosso, Bergesio, aud others}. Very hot applications cause, 
according to Schuller, au immediate slowing of the heart. Winter- 
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nitz observed the same phenomena during the use of partial hot 
applications. In the case of general applications the effect seems to 
be different. Thus, Poitevin states that a hot bath at 114° is with- 
out influence upon the heart. Above 114° there is an acceleration 
of the pulse, which amounts to 41 pulsations in a bath of 120°. 

The specific effects of hot applications express themselves chiefly 
in changes in the sweat-secretion, in changes in respiration and tem- 
perature. The sweating may be local or general, the latter especially 
when the applications act upon particular surfaces, as in the pedi- 
luvium. The effects of the full bath, the douche, the vapor, and 
the dry-air hath are variable, and will be discussed iu a subsequent 
chapter. 

Localized applications, if sufficiently intense, produce an accelera- 
tion of the respiratory movements. Winternitz obtained this result 
by applying water at 144° to the chest or the back of the neck. 
Sometimes in therapeutic applications the respiration is not influ- 
enced unless the application is general. The acceleration of the 
respiration, which is sometimes known as heat-dyspnoea, varies 
largely with the nature of the means employed. The force of the 
respiratory movements is lessened by baths, the temperature of which 
exceeds that of the body (Stolnikoff), and increased by tepid baths 
(Groedel). 

The changes in the temperature depend to a large extent upon 
the means employed. General heat applications cause a more or 
less rapid rise in the central temperature from 1° to 4° in a bath at 
110°, in spite of the inspiration of cold air (Liebermeister). Par- 
tial applications, by exciting the sweat secretion, can effect a tall in 
the central temperature. Thus a hot pediluvLiim produces, according 
to Shokowski, an elevation of temperature in the external auditory 
canal (peripheral zoue of the body) and a depression of the rectal 
temperature. 

In its struggle against heat the organism can only avail itself of 
processes which augment the loss of heat. Heating of the body 
produces in man as well as in animals an increase in respiratory 
combustion, a fact fully established by the researches of Voit, Page, 
Frederieq, Pflfiger, and others. The means of heat-dissipation upon 
which the system relies are the production of sweat, the evaporation 
from the lungs, and the increased loss of heat from the skin by a 
heightened activity of the peripheral circulation. The cooling action 
which results from the evaporation of sweat has been studied experi- 
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mentally by Benjamin Franklin, Blagden, Delaroche, Beger, and 
others. The importance of sweat-evaporation may be more readily 
estimated when it is recalled that the amount of heat required to 
vaporize one grain of water is capable of raising the temperature of 
580 grammes of water from Q tn 1°. The greater part of the sweat 
remains in the liquid state, and (his is fortunate, for, were all of it 
vaporized, the abstraction of heat would be enormous and harmful. 
The important relation of the sweat-secretion to the regulation of 
body -temperature lias been especially made known through the 
contemporaneous writings of Luchsinger, Adamkicwicz, Vulpi&n, 
and Nawrocki, 

They have shown that the secretion is controlled by centres dis- 
posed along the spinal cord, which in turn are governed by a higher 
centre in the medulla oblongata. Fibres arise in the spinal centres 
and pass out through the anterior roots, to terminate in the sudo- 
riferous glands. The governing centres are automatic in their 
action — that is, their activity depends upon the temperature of the 
blood. 

Luchsingcr made a series of experiments on sweat -secret ion upon 
cats. Having cut the spinal cord transversely and divided the pos- 
terior spinal roots, he placed the animal in a hot room, and found 
that it became covered with sweat. The inspiration of hot air aud 
the ingestion of hot liquids produced the same effect. The me- 
dullary centre, as Adarakiewiez has shown, can also be excited by 
electricity. 

The same observer has shown that sweating may be produced by 
reflex stimulation : but the automatic action is far more important. 
The sweating following hot applications made for therapeutic pur- 
poses is in proportion to the general heating of the body. 

The second means of resistance against overheating is represented 
by the peripheral vaso-dilatation. The hyperemia at the point of 
application necessarily contributes to aud favors a heating of the 
blood, but there is simultaneously vaso-dilatatiou at a distance, which 
persists and constitutes an important safeguard. The dilatation is 
partly reflex, partly automatic in origin. 

Finally, the third means of defence is the increased evaporation 
from the lungs, resulting from the acceleration of the respiratory 
movements. The heat-dyspnoea investigated by Bernard and by 
Ackermaun is the result of the action of an automatic mechanism, 
the respiratory centres, as demonstrated by the experiments of Gold- 
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stein, Fick, Gad, Martschinsky, and others, being strongly influenced 
by the temperature of the blood. The elevation of the temperature 
need not be great to produce an acceleration of the respiratory move- 
ments. The circulation of water at 104° about the carotid arteries 
suffices, according to Goldstein and Fick, to produce heat-dyspnoea. 
Bonnal, in a recent paper, has shown that the acceleration of the pulse 
and temperature may be manifest in the dry chamber and in the hot 
bath at 116° before an elevation of the central temperature is demon- 
strable. 

The facts so far developed permit us to conclude that heat acts 
especially on the automatic, cold on the reflex mechanism. 

Hot applications, unlike those of cold, are not followed by any 
reaction. The principal effects produced by hot applications persist 
for a time after the cessation of the applications, but eventually pass 
off and give place to the initial conditions. This is true of the ex- 
ternal vaso-dilatation and the anaemia of the deeper organs, both 
of which phenomena gradually disappear as the nervous system 
relaxes, owing to the return of the temperature of the blood to the 
normal. For these reasons it is essential that whenever a strong 
effect is desired, the means employed should be capable of pro- 
ducing a distinct heating of the body. This power is not possessed 
by the temperate or even moderately warm bath, inasmuch as the 
evaporation of the water which adheres to the skin after emergence 
from the bath tends to abstract heat and produce a fall of tempera- 
ture. 

The changes in the pulse and the blood-tension persist for a vari- 
able period of time. Durian has counted an increase of 90 pulsa- 
tions in the dog following the use of the hot bath. At Toplitz 
the acceleration of the pulse is still perceptible sixteen hours after 
the hot sitz-bath in use there. As regards the arterial tension, it is 
probable that in those cases where a primary increase is noted, the 
decline to normal is rapid. According to Schuller, the slightest 
initial rise is followed by a marked fall, which in turn is succeeded by 
a trifling and momentary rise before the final return to normal. 

The modifications in sweat-secretion vary with the nature of the 
procedures employed. Bonnal states that the active perspiration 
which occurs during the hot-air bath at 131° ceases as soon as the 
patient leaves the chamber, whilst it is, on the contrary, very pro- 
fuse after the hot-water bath at 116° and after the vapor-bath, both 
of which restrain sweating during their application. 
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,ve give in a tabular form the principal eflects of hot appli- 



Distribution of the blood. 



Arterial tension. 
Henrt. 



Central tciiijiiTiitiu 

Sweating 

Respiratory 



Peripheral vasodilatation ; central 



At first increased, then diminished. 
Transient slowing, then acceleration, 
i.r acceleration from the beginning. 
Inereaaed. 

Strongly stimulated. 
Accelerated. 



To complete our study, it is necessary to give a brief description 
of the effects produced on the secretions, the muscles, the nervous 
system, and on general nutrition. 

The application of heat impresses the secretions more markedly 
than the application of cold. According to Rijhrig, the insensible 
perspiration is excited simultaneously with the secretion of sweat. 
The combined effects result in a tendency to dehydration of the < 
ganism and lo a loss of sodium chloride. In consequence of this 
the other secretions, notably the urinary and intestinal, are dimin- 
ished. Constipation may be produced, a fact that may elucidate 
the beneficial action of certain thermal cures in the treatment of 
chronic diarrhoea. 

The muscular system is not influenced by heat to the same extent 
as by cold. Experience has, however, demonstrated the hemostatic 
value of hot applications, an effect generally ascribed to reflex action, 
through the intervention of the sympathetic motor nerves. An ex- 
ample commonly cited is the arrest of internal hemorrhage by the appli- 
cation of beat to the loins. But the question is obscure, for we see 
that hot sitz-baths, especially if a little mustard is added, instead of 
causing aniemiu, determine an intense congestion of the pelvic organs. 
On the other hand, the general bath, temperate rather than hot, but 
sufficiently prolonged, seems to cause a relaxation of muscular struc- 
tures iu deep organs, if we may judge from the benefit obtained from 
it iu the treatment of hepatic and nephritic colic. 

The depressing action of heat presents a striking contrast to the 
thermic eflcct of cold applications. When the means employed are 
gentle and insufficient to excite the defensive mechanism against 
heat, there is produced a diminution in the irritability of the nervous 
system — a sedative effect which appears to be, as Traube has thought 
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the result of the removal for a certain time of external stimuli from 
the sensory nerves. 

When sufficient heat is applied to induce an elevation of the tem- 
perature of the blood, the nervous system suffers a sort of shock, 
which is followed by a distinct sense of fatigue. The moderately 
hot douche, with water from 100° to 110°, although producing a 
slight elevation of the central temperature, constitutes a powerful 
means of depression. The tepid bath has the same influence. Fatigue 
and exhaustion are effects of more energetic procedures, such as the 
hot bath and the vapor-bath, which produce a more marked eleva- 
tion of temperature, and at the same time a profuse diaphoresis. A 
tendency to sleep may also follow. 

Hot applications act more energetically than cold upon the pro- 
cesses of nutrition. Bartels, in 1864, noted in man an increase in 
the excretion of urea after vapor-baths ; Naunyn has observed the 
same fact in dogs. G. Schleich found an increase of 29 per cent, in 
the excretion of urea in persons living under a uniform regimen and 
taking baths lasting an hour at a temperature of 104° to 108°. This 
azoturia persisted for several days after the cessation of the use of 
baths. A. Frey and Heiligenthal have obtained different results. 
They found a diminution in urea-excretion under the use both of the 
hot-air and the vapor-bath, but a great increase in the elimination of 
uric acid. The question, therefore, cannot be considered as definitely 
settled, and further study is necessary. 



PART IV. 



HYDROTHERAPEUTIC MEASURES. 



Hydrotherapeutic procedures are divided into the simple, in 
which only one hot or cold application is made, and the compound 
or mixed. 

In beginning the study of the procedures in which cold is em- 
ployed, it is well to discuss briefly certain general precautions which 
the use of these means imposes upon us. 

Care should be taken to prevent chilling and to secure the proper 
development of the secondary or post-operative effects which consti- 
tute the reaction. 

It is necessary before applying cold to the surface of the body that 
the patient be under normal conditions as regards the distribution of 
temperature. Sometimes he is prepared for the procedure by mild 
friction, or by making him take a moderate amount of exercise. 

The room should have a suitable temperature, from 70° to 74°. 
As regards the preferable time, it is best to make the application at 
the moment of rising, or at least in the morning, in order to secure 
a speedy and vigorous reaction. The application should not be made 
immediately after a repast nor just before retiring at night. 

The douche and the full bath, being employed to produce an intense 
cooling, should be of short duration and should be interrupted at the 
appearance of the second or great chill. When it is necessary to 
produce a powerful cooling effect, the development of the chill is 
delayed by means of movements or by practising friction. It is the 
rule to permit an interval of several hours to elapse between two 
applications in order that the organism may remain in a normal 
equilibrium for a sufficient length of time. At most two applica- 
tions, separated by a space of from six to eight hours, are made in a 
day, save when it is necessary to combat fever. In every case the 
return of the peripheral warmth should be secured after each appli- 
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cation. It may be incited by exercise, by friction, by warm cloth- 
ing, etc. 

Whenever, during the employment of oold, a tendency to colla] 
develops in spite of the observant* of the precautions just given, 
resort should at once be had to spirituous drinks, or even to the im- 
mersion in a hot bath. 

It is a useful provision to take uote at the commencement of the 
treatment of the impressionability of the individual and his power 
of reacting from cold applications. 

Whether we use cold or heat in hyd ruth era pen ties, however, we 
distinguish procedures with percussion from those without percus- 
sion. The type of cold applications combined wilh percussion is the 
douche, the hydrotherapeutie ngent which, beyond doubt, occupies 
the first place. 

Douches. In the case of the general douche, it should be admin- 
istered with water, the tern pcrature and the force of projection of which 
can be varied at will. The principal varieties of douches are: the 
shower-douche, the column-douche, the douche of concentric lavers, 
the sheet- douche, the circle- douche, and the movable-jet douche. 

The management of the douche-chamber and its appurtenances 
should leave nothing to be desired. Under the douche, within 
reach of the patient, supports should be arranged for the arms, which 
will be useful iu case of respiratory enilxirrassment ; meaus should 
also he provided for a foot-bath before the douche, if the procedure 
is deemed necessary. 

Iu the beginning of the treatment, cool water, at a temperature of 
from 66° to 74° F., is employed, and a low pressure equal to about 
seven pounds. Later the temperature of the water may be at 60°, 
then 56°, and rarely even as low as 50°. 

At the commencement the duration of the douche is ouly twelve 
to fifteen seconds ; later from thirty to sixty seconds, rarely longer. 
The longest douches occupy two minutes. The pressure of the water 
is ten to fifteen pounds, or at most twenty to twenty-five. 

For the administration of the akower-douche the water is con- 
ducted to a disk about eight feet above the floor, having numeroi 
perforations, each one-eighteenth to one-eighth inch in diameter. 
When the holes are one-sixteenth inch in size the water falls 
spray; when one-eighth inch, in the form of heavy rain. 

The column- douche is a large jet of water issuing at a certain angle 
from a large brass tube, having a diameter of one-fourth to three- 
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fourths of an inch. The douche thus producer! constitutes the most 
energetic mode of percussion. It is applicable only to parts not very 
sensitive, as the large muscular masses of the limbs, and is, in the 
beginuing, continued for not more than four or five seconds. For- 
merly this douche was much employed, but at the present day it has 
been almost completely abandoned. 




Circle-douche. 



The danjihm is u diminutive column-douche. 

The dotirJir i'f <ii iu: ■utrir 1'iijirn i> ;il*u but rwvly employed. It 
consists of an end-piece having two concentric Bute (Fig. 10) one- 
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twentieth of an inch in (I in in ft it. It is lens stimulating than the rain- 
douche. The hell (Fig. 11) is a variety of tliis form of douche. It 
has a single aperture, and represents a less powerful means of percus 
sion than the colunin-douehe. 

For the areh-douehe (Fig. 12), termed also the dwit-doueke, i 
special apparatus is necessary. It i-unsiste of incomplete independent 
rings, separated from each other liy a distance of four to six incht 
and rising to a height of a yard. The rings are pierced on their 
internal aspect by two rows of very small holes and furnish small 
concentric jets, which produce a fine circular douche, while a central 
douche above the head of the patient allows a gentle rain to fall. 

The duration of this douche should be short ; its action is distinctly 
revulsive. 
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The mobile-jet douche or lancc-douch? adds to the action of the cold 
a mechanical effect, the strength of which can be easily varied by modi- 
fying the force of the jet and the pressure of the water. (Fig. 13.) 

The ordinary I a nee-douche has a diameter of one-half to one iucli 
The jet which it furnishes may be broken by means of a stop- 
The terminal piece may be replaced by a small tip (needle-douche) 
or by a special end-piece having the form of a fan. (Fie;. 14.) 

The jet should always be alternated when directed against t 
i-hest or the abdomen ; at the end of the sitting it is thrown i 
broken against the feet, iu order to produce strong percussion up< 
tliem. 
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Of these diverse forms of douches, we may say that their effects 
vary with the manner in which they are given. When the duration 
is very brief the water may be very cold ; in general, temperature 
and duration should vary inversely. The cold douche is a powerful 
sthenic agent, yet by regulating the important functions it may 
exercise a sedative influence. 

Fig. 14. 






Some writers believe that patients should be prepared for the cold 
douche by a preliminary use of water slightly warmed ; but the cold 
douche of a second's duration can be supported, as Bottey remarks, 
by the most feeble and the most excited patients. 

Burgonzio precedes the douche by a sponging of the face, the 
precordial region, and the spinal column ; but the procedure is of 
doubtful value. More valuable is his suggestion to use the column- 
douche with a wide angle, and a minimum duration of sixty seconds, 
when a stimulating action and an increase in muscular force are 
desired. 

Local douches are seldom employed as isolated procedures. They 
are commonly resorted to during the course of or after the general 
douche when a special local effect is wanted. These douches present 
many varieties, among which may be named the hepatic douche, the 
splenic, the vertebral, the epigastric, hypogastric, the sitz-bath in 
running water, the foot-douche, and the foot-bath in running water. 

Priessnitz employed the local column-douche for applications to 
the abdomen, but the broken jet, or even the sprinkling-douche, 
should be preferred to such severe measures. In some institutions a 
vertebral douche is given by the aid of a vertical tube closed at its 
upper extremity, and pierced laterally by from one to three rows of 
holes, opposite to which the patient places his back. 

The sitz-bath in running water serves a number of uses and merits 
a brief description. The apparatus consists of a vessel with a double 
bottom, having the form of those employed in giving the ordinary 
sitz-bath. It is provided with several rows of fine holes, the axes of 
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which are disposed in such a manner that the issuing jets converge 
toward the centre of the basin. The liquid runs out through a waste- 
pipe at the bottom. The patient, seated upon a metallic rest, receives 
a spray-bath on the loins and about the pelvis. There is also pro- 




vided a vertical spout pierced by fine boles, for the purpose of giving 
a hemorrhoidal or anal douche. Sometimes the back of the appa- 
ratus possesses a transverse slit or a triple row of small holes, per- 
mitting the administration of a lumbar douche. (Fig. 15.) 




I 



At the junction of the third and lowest fourths of the sit7-balh a 
nozzle is placed which directs a stream against the perineum, consti- 
tuting the periucal douche. (Fig. 1G.) The same apparatus also 
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serves Cor giving vaginal douches by means of a movable conduit, a 
speculum having previously beeu introduced into the vagina. 

The foot-douche and leg-douche ia administered by means of a 
special contrivance which consists of a tub of wood or metal, the 
bottom forming an inclined plane, upon which the limbs rest. 
(Fig. 17.) 

From a Dumber of holes piercing the walls opposite the soles of 
the feet small jets are forcibly projected against the lower limbs. An 




energetic reflex effect is thereby obtained in the calves and the thighs 
and as far as the pelvic organs, but it should be remembered that 
this form of douche produces a painful sensation. Caulet, who has 
made use of this douche with water at from 52° to 60°, has observed 
that the foot-douche thus administered during a period of from one 
to three minutes produces at first only sensitiveness, then more or 
less pain, and, finally, excruciating suffering. At the end of the ap- 
plication he has noted a chill and extreme smallness of the pulse. A 
powerful derivative action is thought to be obtained by this pro- 
cedure on the pelvic organs. 

Under the name of cephalic douche, Uurgonzio descriljes a stream 
of cold water which is forcibly projected against the forehead and 
temples. In the beginning the application lasts two to four minutes, 
and later from eight to ten. During the first two minutes the patient 
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experiences an insupportahly painful sensation, but during the fol- 
lowing moments there is a sense of veritable bkn-itre. This method 
is sometimes successful in rebellious headaches. 

Affusions. The cold applications without percussion are of two 
kinds— general and local. 

Affusions are practised with water at from 70° to 80", aDd win 
the patients are accustomed to it with water at from 40° to 50°. 
The procedures, which are too simple to require description, have a 
duration of forty to sixty seconds. During their continuance the 
patient is urged to make movemenls, aud at the close is subjected to 
dry friction. The mode of administration may be varied according 
to the end desired, A form of treatment, which is practically an affu- 
sion, ia the wet sheet. A heavy linen sheet of ample size is soaked 
in water at 50° to 60°, and then expressed by wringing. The patient 
having moistened his face and chest, the sheet is folded over his 
shoulders, and the entire body, from the neck down, including tin- 
lower limbs, is enveloped in it. The patient rubs himself with the 
cloth anteriorly, while the attendant, in the same manner, practice 
friction on the posterior aspect of the body. The naked feet rest on 
the floor, and are not surrounded by the sheet. Friction is continued 
for five minutes until heating is produced. The wet sheet is then 
removed and replaced by a rough, dry cloth, with which light fric- 
tion is made. This procedure may be followed by massage and rest 
in bed. It is better, however, if the patient dresses and takes a short 
promenade. By another method the sheet is wet in water at 6 
76°, and then without wringing is thrown over the shoulders and so 
disposed that the entire body is enveloped in it. It is left in place 
until slightly warm, while the limbs and trunk are lightly rubbed with 
the flat hand. When the sheet is warm it may be replaced by another; 
the wrapping may be repeated several times, or, the sheet remaining, 
two or three bucketfuls of water arc dashed upon the body. 

Bottcy, who recommended this measure, considers it as tonic aud 
sedative, as well as mildly antipyretic. 

The best antithermic means of " wrapping," and the only one ap- 
plicable to adynamic patients, is the wet sheet just described, the sheet 
being renewed every five or ten minutes, according to the rapidity 
with which it becomes heated, until a decided chilling is produced. 
Five sheets will ordinarily be required. Four successive wrappings 
have the same effect as a bath at 75°, lasting ten to fifteen minutes. 

When there is a tendency to headache, a cold compress is ap] 
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to tbe head during the pack, and a hot foot-bath is given after- 
ward. 

The effects of the wet sheet are identical with those of tbe douche, 
merely less iuten.se. Tbe method may be utilized in the beginning 
of treatment in the case of delicate individuals ; it may also be con- 
sidered as a good procedure for domestic hydrotherapy. 

The moist pack was the principal procedure of Prieasnita. Its 
effects are variable, depending upon the mode of use, hut as a hydro- 
therapeutic measure it has a tonic and sedative action. A wet sheet 
is spread upon a woollen blanket which has previously been laid upon 
a smali iron lied. 

The patient is then placed upon the sheet and successively wrapped 
in the sheet and the blanket quite firmly, but without impeding the 
respiratory movements. The wrapping lasts only ten to twenty 
minutes; it should be discontinued the moment reaction begins — 
that is, wheu the pulse tends to become more rapid. During the 
applications a cold compress is placed upon the bead and thewiudow 
is kept open. 

In some case3 tbe application is followed by washing with cool 
water at 70° to 80°, and by friction. This procedure may be em- 
ployed to prepare the patient for the use of the large douche. 

Von Zieiussen and Immermann have devised a useful formula 
which expresses approximately tbe relative value of the various pro- 
cedures employed to reduce temperature. Designating cold affusions 
by A, the cold wrappings by E, the graduated bath by P, the cold 
bath by F, we have ; A : E : P F = 1 : 2 : 3 : 4. 

To complete the consideration of tbe divers means of reducing 
fever, it is necessary to describe a procedure recently suggested by 
Fenwick, of London. It depends upon the production of cold by 
the evaporation of water from the surface of the body. 

Upon a small iron bedstead is spread a sheet of mackintosh, then 
a woollen blanket, doubled twice, and upon this the patient is placed. 
Water is then poured upon him by means of a sprinkling-can for a 
variable period, usually about ten minutes. At first water at 55° 
was employed, but it is better to use warm water at 100°. The 
method is efficacious, particularly wheu resorted to just at the time 
when tbe temperature is falling spontaneously. But it appears to us 
that its inconveniences exceed its advantages. 

Affusions, in spite of their feeble power, are, nevertheless, gener- 
ally painful, and are less easily supported than tbe cold bath. Liher- 
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ally given they may prod ace quite a notable fall of temperature. 
They should l>e admiuistered forty minutes at a time as a maximum. 
Frequently frietiou of the limlw and trunk is added with advantage. 

In the hands of its original promoters this method proved 
efficacious in the treatment of certain malignant eruptive fevers fc 
the purpose of bringing to the surface the lading or slowly njiprmrig 
eruption, and in grave (cerebral) forms of rheumatism as ■ nn i: - of 
determining the inflammation to the joints. We have employed it 
with advantage in various forms of delirium, and have been acci 
totued in these eases to pour three or four pailfuls of water (at 6o°), 
holding 10 litres each, upon the patient's head, which was protected 
by a cap or folded compress, The patient at the same time was given 
a half-bath. 

Iu establishments for hydrotherapy the affusions are administered 
in a bath-tub half-filled with tepid water. A cold compress is placed 
on the head and the shoulders are sprinkled by means of a watering- 
can with cold water. When the water is from 60° to 65° and the 
duration of the application brief, an excitant effect is secured. Whi 
the water is warmer and the duration prolonged, the effect is sedative. 

Baths. The tub-bath occupies a special place in hydrotherapy, 
for it is almost exclusively employed as a means of reducing ttiu 
perature. The cooling baths comprise the cold bath, the graduated 
cold bath, and the halfdmth. 

The ordinary temperature of the cold bath is 7fi° ; sometimes the 
water is colder, having a minimum temperature of 68° ; sometimes 
a higher temperature is chosen. The lath at 75° is the typical cold 
bath, that which is employed in the treatment of typhoid fever after 
the method of Brand. The duration of immersion is ten to twenty 
minutes — uutil the second chill appears. 

In the administration of this bath it is important to take the pre- 
cautions given on a previous page. The patient should lie watched 
by the physician or by a competent attendant, whose duty it is to 
regulate the details of the immersion and its duration, and to snpervi 
the treatment to be pursued after the patient's exit from the bath. 

Usually the patient is wiped dry with a cloth and then wrapped 
in a large woollen blanket, which is twisted below the feet ; he is 
then permitted to lie quietly ou the bed until the peripheral heat 
returns. 

[The most important thing for the attendant to do while the patiei 
is iu the bath is to keep up constant friction on the surface of the 
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and so, by rubbing, to equalize the distribution of blood in the in- 
ternal and external bloodvessels. — Ed.] 

The graduated eold bath has an initial temperature of 95° to 100°, 
By the addition of cold water the temperature is progressively lowered 
to 75°. The duration of such a bath is twenty to thirty minutes, and 
it* effect is equivalent to that of a cold bath at 75°, lasting ten minutes. 

The half-bath is designed to facilitate the friction, by which the 
loss of beat is increased and reaction elicited. The bath-tub is filled 
to a depth of 6 or 7 inches, so that the patient is immersed only to 
near the umbilicus. It is then very easy to practise friction of the 
limbs and trunk and to make cold affusions to the head. 

This form of bath is not solely employed as a measure for reduc- 
ing temperature. It may be used in hydrotherapy, being then gen- 
erally followed by a shower-douche given with water at 60°, 

Cold affusions may be made in a bath-tub, either without previous 
filling of the tub with water, or in the course of a half-bath. They 
represent one of the earliest methods of lowering temperature, and 
have been praised by Carrie and by Trousseau, Bartels, Jurgensen, 
and Liebermeister. 

The pool-bath which is used in hydrotherapy is a large tank, 
access to which is obtained by means of a few steps which descend 
below the surface of the water. The water is at a temperature of 
from 70° to 80°. The patient remains in it for a period varying 
from a few seconds to a minute. The effect obtained naturally 
varies with the temperature and the duration of fhe sojourn. A 
short immersion is followed by a sense of comfort, a sedative effect, 
and a tendency to sleep, while a more prolonged stay tends to pro- 
duce fatigue. 

In continuing the description of the procedures in winch cold \s 
applied without |n?rcussion, we come now to the partial applications. 

The bath of the legs is given with water at a moderate tempera- 
ture of from 75° to 8o° ; and this application, when sufficiently 
prolonged, exercises a powerful revulsive action. 

The sil/.-bath in still water usually has a temperature of 75° to8o°. 
During its duration, which is at the most fifteen minutes, a cold 
compress is placed on the head and forehead to prevent the occur- 
rence of cephalalgia. (Fig. 18. J 

Of the strictly localized applications the partial wet wrappings 
already named may lie considered, by reason of their long duration, 
as antipyretic as well as hydrotherapcutic measures. 
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Having considered the employment of cold water iu hydrothera- 
peutie procedures, we may now consider the use of hot water, par- 
ticularly when percussion is a factor. If the general douche has a 
temperature of 92° to 96°, at which we begin to call it warm, 1 
evaporation which takes place during its application and ii 
ately afterward causes a slight cooling of the body. 




Ab the impression of heat given by the douche is less strong than 
that produced by complete immersion, the temperature must be 96'° 
or higher before it is felt as hot. Temperatures of 104° to 114° are 
readily supported ; the latter figure is, however, rarely surpassed. 
It is customary to begin with water at 86° or 90°, and to raise the 
temperature to 104° or to 108°. A proper apparatus for graduating 
the temperature and also for ascertaining the degree of temperature 
at any particular moment of the application is an essential requisite. 

The hot douche is generally administered with the interrupted jet ; 
while when the shower-douche is used the water is only slightly 
warmed. 

The procedures in which percussion forms no part are numerous ; 
many are in (be form of wrapping*, and are intended to cause 
sweating. 

Sweating may lie produced both by means which check the loss of 
beat aud those which absorb the heat. To the first belong the hot 
dry- and the hot wet-pack. 

The hot dry-paok is applied in the following manner : 

V\*m the mattress one or two blankets are placed, and upon 
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them a large sheet. The pat'ieut is laid on this, with the arms ex- 
tended along the body, the head resting upon a low pillow. The 
sheet is theu lifted and wrapped around the body ; at the feet it is 
twisted into a rope and laid under the heels. The blankets are then 
brought np and folded over the sheet. A hot-water can is placed 
at the feet, and, if uecessary, a feather-bed or blankets are put on. 
The patient remains quietly in the pack for from one to three or 
four hours. If too long continued, malaise, headache, tiunitus, 
flushing of the face, vertigo, and, finally, nausea, thirst, and fatigue 
may develop. 

In regard to the effect upon the temperature produced by this pack, 
that of the skin rises about 4° ; in the cavities the increase is from 
1° to 2°, or more. The amount of water lost during prolonged ap- 
plication is approximately 100 grammes. 

The hot wet-pack is identical with the dry pack already described, 
except that the sheet is wet and the application is prolonged until sweat- 
ing occurs — namely, from one and a half to two and a lialf hours. The 
patient is afterward subjected to a cold bath or is rubbed with a wet 
cloth. The wet-pack produces in the beginning a disagreeable sen- 
sation and slight chilliness ; but when the temperature commences to 
rise the patient experiences a sense of comfort and becomes drowsy. 
During the application the cutaneous vessels are contracted, but 
dilate subsequently. The temperature of the body is slightly raised 
by the pack. Priessnitz has employed the pack as a preparatory 
measure for the douche. The effect is a brief, primary stimulation, 
followed by a sedative action. According to Vinaj, it is never 
debilitating. The partial wrappings are more frequently employed 
than the wet-pack. 

The half-pack, or moist-jacket, IB a moist application limited to 
the trunk. A large wet compress is placed on the anterior surface 
of the trunk and covered with some impermeable cloth, the whole 
being maintained in position by means of a flannel bandage. 

Applied at bedtime, the half-pack, has a somnifacient influence. 
In the morning the patient is washed or friction with cold water is 
practised. Tin- general effect of the half-pack is sedative, 

The abdominal compress is often used in dyspeptic states. 

In addition to those uamed, other localized moist wrappings are 
occasionally employed, as the thoracic belt, the cervical compress 
(Oppoker), articular wrappings, and compresses to the feet to combat 
coldness of the extremities. 
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The bath is the procedure most frequently employed. The ordi- 
nary tepid or temperate baths have a temperature of 92° to 94°; 

sometimes they are termed indifferent, because, theoretically, they 
should produce no physiological effect. In febrile cases, however, 
a l>ath of an hour's duration exercises a sedative action, generally 
ascribed to the imbibition of water by the skin and the protection of 
the nerve-endings against external stimuli. In febrile patients it 
moderates the temperature — a fact known to Hippocrates; while, 
according to Liebermeister, it does not do so in healthy man. Liebig 
has noted only insignificant tliictuatiuus. Nevertheless, according to 
Thery, there is a slight diminution of temperature after the bath at 
82° to 98% continued for at least a half-hour ; and C. Ch.au vet has 
made the same observation on the bath in running water at 94° to 
96°. The fall of the central temperature lakes place gradually, con- 
tinues for some time after the bath, and then it slowly disappears. 

Recent investigations (Zuwadzki) have shown that the temperate 
bath stimulates general nutrition. 

The hot bath, having a temperature of 105° and upward, is fol- 
lowed by a rise of the body-heat of from 2° to 6° (Lieberrueister), 
and by more or less abundant sweating, which persists for a variable 
l>eriod of time after the termination of the bath. 

The chamber in which the vapor-bath i3 given may be small, for 
private use, or large enough to accommodate several persons. In the 
former instance the room is usually six feet square, and has a height 
of eight to nine feet. The ceiling is arched or horizontal. 

Vnpor-butk. The chamber should be provided with a wooden 
bench, a steam-spigot on the side opposite the bench, and a bell and 
a thermometer placed near the patient. A basin of cold water and 
a douche apparatus complete the furnishing of the room. 

The appointments of the moist chamber for general use vary 
greatly in different establishments. A series of steps is generally 
constructed upon which the patient can either sit or recline. Ac- 
cording as the patients occupy the higher or lower steps, they will 
be environed by an atmosphere having a higher or lower tempera- 
ture. 

The temperature commonly varies from 96° to 170°, with a mean 
of 1 14°. The patieut, during his sojourn in the vapor-bath, gener- 
ally divests himself of all clothing; it is only in establishments 
where the steam chamber has a temperature of 90° to 96° that a 
light garment is worn. 
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At the commencement the heat of a vapor-bath at 114° ie oppres- 
sive, but very soon the discomfort disappears, respiration becomes 
free, and Bweating begins. Later, however, fatigue develops, and the 
bath is generally discontinued at the end of thirty to forty minutes. 
Frequently other hydrotherapeutic measures are combined with the 
vapor-bath. 

Wigand has estimated the loss in weight produced by the bath to 
be about 15 grammes per minute, but it must be remembered that 




V«por-d ouclie. 



as the atmosphere of the chamber becomes saturated the loss sus- 
tained by the body diminishes proportionately. When the tempera- 
ture is from 110° to 122°, and the length of sojourn ten minutes, 
the loss of water, according to Oertel, is from 222 to 743 grammes. 
A definite ratio, either to body-surface or body-weight, does not seem 
to exist. 

The elevation of the central temperature is at first gradual, but 
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becomes rapid in a short time. When the atmosphere iu the cham- 
ber has a temperature of 92° to 94° the rise amounts to a few tenths 
of a degree only (Liebernieister) ; when it is 122° to 128° an increase 
of from 98° to 104° has been observed after a ten minutes' sojourn 
in the chamber (Bortels and Jurgensen). Frey and Heiligenthal 
found in the case of a vapor-bath having a temperature of 122° 
to 138° a rise of the central temperature to 102°, after a period of 
thirty minutes. 

The vapor-douche is a jet of steam directed from a reservoir, usu- 
ally during the course of a vapor- hath, against some portion of the 




body. (Fig- 19.) Solutions of aromatic herbs may be introduced 
into the reservoir fat medicinul purposes. 

The hot-air or the vapor-hath may also be administered by other 
1 1 ii Hum is than thnt just described, viz., by means of a lamp ora hot-box. 

The hot-air bath, in which the air is healed by raeaus of a lamp, 
originated in the wventeentli century. The chair upon which tbe 
l - lii :i [M'i'foriitii'1 sent, and is provided with hoops risiug 
to the hvi-1 ut ihc whtiuldm, and with a small board to serve; 
fwt-reet. The patient, entire!)' disrobed, is enveloped up to the c 
with a woollen blanket, which in turn is covered with au imperviooi 
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cloth. An alcohol lamp with several burning wicks is placed under 
the chair; it heats the air, generally to a temperature of from 104° 
to 122°. In order to favor sweating the patient is urged every ten 
minutes lo driuk a glass of cool water. {Fig. 20.) 

[The lamp ought never to he put under the chair, as the blanket 
may take fire and the patient be seriously burned. It should be put 
under an inverted funnel, which is then placed with its small end 
under the blanket, the lamp being to one side. — Ed.] 

As long as the temperature does not riBe above 122° the pulse and 
the internal temperature are not materially affected. But when a 
higher degree of heat is attained — 132° to 140° — the patient experi- 
ences a burning sensation in the skin, becomes thirsty, nauseated, 
and has tinnitus annum, while the pulse-rate grows more frequent 
and the internal tempemiare rises. 




The advantage of this procedure consists in that, slightly modified, 
it may be employed when the patient is bedfast. For this purpose- 
hoops are placed lieneath the blankets in such a way as to create au 
air-space iuto which a pipe is conducted. A burning lamp is placed 
under the other end of the pipe and the heated air rises into the air- 
space between the patient and the blankets. 

Occasionally a box is used instead of the chair. This box may be 
made of wood or of marble ; the lid is pierced by a hole for the pas- 
sage of the heat. The patient sits upon a stool ami protrudes the 
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hear] through the aperture in the lid so as to respire freely. A small 
collar closes the space between the neck and the borders of" the orifice. 
(Fig. 21.) The box may be employed for the administration of 
vapor-baths, simple or medicated, or of the hot-air bath alone. For 
the latter purpose the air is heated by means of an alcohol lamp, hot 
iron slabs, or heated bricks. 

Ih-jl-'iir ]ki(k. In the dry air-chamber, tbc atmosphere not Wing 
haturated with watery vapor, sweating is more easily secured, and is 
BOOK abundant than in the vapor-chamber ; but it ceases immediately 
upon leaving the heated room (Bonual). 

The effects produced by the dry air-chamber are more gradual in 
their onset than is the case in the moist air-chamber ; hence, on the 
whole, the former is more agreeable than the latter. 

The capacity for heat of air l>eing less than that of water, ami 
sweating and evaporation being greatly favored by dryness, it is 
readily comprehended how experimenters have been able to remain 
in hot air-chambers the temperature of which surpassed that of boil- 
ing water. In the studies of Fordyce and Blagden and of Dobsnu, 
the temperature rose to 294°, and Bonnal recently has pushed it 






Under ordinary conditions the temperature of the blood rises less 
in dry tliau in moist air. In a chamber having a temperature tif 
from 122° to 194° E. Large observed an elevation of 2° at the end 
of an hour to an hour aud a half. Henning lias noticed a rise of 4° 
after a fifty minutes' sojourn in a (hot-air) chamber having a tempera- 
ture of 170°. The return of the temperature to normal is gradual. 

Sot find Cold Douche. The different procedures which have bei'U 
described may be combined in diverse ways, according to the needs 
of practice. Most commonly hot and cold applications are made 
alternately, or a prolonged hot application is followed by a single 
equally long-continued cold application. 

When water of sufficient warmth is employed, and the duration of 
the application is somewhat prolonged, a distinct redness of the skin 
is produced. If at that moment cold water is suddenly applied, the 
redness disappears, then becomes more marked, and the sensation 
of cold is made less intense. This reaction sets iti promptly, as a 
rule ; in some cases, however, it is retarded. The cutaneous affect 
varies in proportion to the difference between the temperatures of 

the ans employed in proportion to their respective duration and 

to the force of percussion. 
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By combining several factors more varied effects can be produced 
than by any simple procedure. 

One of the principal of this type of procedures is the Scottish 
douche. Two pipes, one of hot and one of cold water, are con- 
ducted into a common reservoir, whence issues the discharge-pipe. 
By aid of a proper apparatus the temperature of the water may be 
readily varied by a simple manoeuvre of the faucets. As the min- 
gling of the two streams, by reason of the pressure, is almost instan- 
taneous a single tube need only to be provided, but it is better to 
have two, both of which are attached to a mixing reservoir. 

The douche is nearly always administered with the movable jet, 
and at a progressively changing temperature. Bottey, who has 
thoroughly studied the subject, distinguishes these varieties : the 
revulsive douche, the revulsive tonic, and the sedative and tonic 
douche. 

The revulsive douche is given with hot water, from 114° to 120°, 
for a period of three to five minutes, or until a cherry-red coloration 
of the skin is obtained. The surface is then sprinkled with cold 
water, which causes the appearance of a scarlet redness. An appli- 
cation of water at 50° for from five to six seconds suffices for this 
and serves to carry off the excess of heat. The color of the skin is 
the proper guide in its use. 

The procedure does not produce a fall of temperature, but exercises 
a strong analgesic influence. 

To obtain the revulsive and tonic effect the method of administra- 
tion is the same, except that the application of the cold water is pro- 
longed after the appearance of the scarlet hue, until the patient has 
a sensation of cold. After the douche the feeling of warmth returns 
very rapidly. 

When patients cannot endure hot water at 114°, or when the red 
color does not appear in spite of the use of water at such a tempera- 
ture, the revulsive and tonic effect may be obtained by means of a 
double Scottish douche. 

The loss of vascular tone produced by the first cold douche ren- 
ders the second Scottish douche more efficient. The duration of the 
two Scottish douches should not exceed that of a single one. 

The sedative and tonic douche is Bottey's modification of that 
which Tartivel has described as the sedative form of the Scottish 
douche. 

The douche is begun with water at 96°, the temperature being 
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raised progressively during a space of thirty to sixty seconds, until 
a temperature of 104° to 108° is reached. This maximum tempera- 
ture is maintained for one to one and one-half minutes; it is then 
allowed to fall until, at the end of thirty seconds or a minute, the 
water is cold. 

After the application the skin remains red ; the temperature is 
trifle lower, but returns to normal within two hours. This form of 
douche may be employed to prepare feeble and tired patients for the 
use of the cold douche. 

The alternating douche is not so frequently employed as the Scot- 
tish douche, nor has its action been so thoroughly investigated. It 
consists in the alternate application, several times in succession, of 
hot and cold douches, all of equal duration. The effect is more 
stimulating than sedative. The total duration is generally two to 
four minutes. 

In the alternating bath the patient is placed in a buth the tempera- 
ture of which is 94° to 98°. He remains in this for a period of five 
to fifteen minutes. The water is then rapidly cooled, and as soon as 
the patient lias become chilly, generally when the temperature has 
reached 74° to 78°, he is removed and rubbed with a coarse towel. 
In the meantime the cold water is replaced by hot, and then the 
patient is again plunged into the tub. At the eud of two or three 
minutes friction is again practised. The effect is tonic and sedative. 

Partial applications may also be combined in various 'ways, A 
good example is the procedure employed by WtnterottE in certain 
forms of dyspepsia, es|>ecially in those attended by cardialgia and 
vomiting. The body and thighs are wrapped in a cold, wet sheet, 
while a coil is applied to the epigastric region, through which water 
at 104" is allowed to flow. After a preliminary sensation of cold the 
patient experiences an agreeable feeling of warmth. 

The Russian bath is a vapor-bath followed by a cold application. 
The patient first enters the vapor-bath. At the termination of this 
he lies down upon a couch and is thoroughly rubbed. He is then 
given a shower-douche, after which he plunges into a tank, which 
can be filled with hot or cold water. In the last chaml>er he again 
reclines upon a bed, while friction is administered for the uecoud 
time. The effect is tonic and sedative. 

The most complex bath is the Roman, Turkish, or Moorish bath, 
as it is variously called. The establishments where three baths are 
given are scattered throughout the Orient, especially among the fol- 
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lowers of Islam (Moorish baths), and it is truly remarkable how 
great a skill iu massage prevails among these nations. Introduced 
into Europe about twenty-five years ago, these baths (under the 
name of Turkish bath) are now in use iu England, France, and 
Germany, and are also very popular in the United States. 

The practice of massage dates back to the tiruesofthe ancient Greeks, 
from whom, as also from the people* of Asia Minor, the Romans 
borrowed it. Amoug the Moors it is performed by the Mozabites, 
an industrious and highly civilized tribe. For the massage of females 
negresses are employed, who are, however, much less skilful. Amedee 
Mauriu has clearly described the construction of the Moorish estab- 
lishments and the manner in which the baths are given. The build- 
ings are divided into two essential parts ; the central part or chamber 
represents the sudatorium, vaporarium, or laconicum of the ancients. 
The lateral parts, the galleries or corridors, have public or private 
rooms, in which the bathers rest Beneath the chamber is the oven 
(hypocausis of the ancients), in which a constant (ire is maintained 
with wood. The water in the chamber modifies and moistens the 
atmosphere. 

The fire of the oven heats the water in the reservoir, which is 
placed iu the centre of the chamber and is surmounted by a 
marble table. The room has the form of a Latin cross, so that the 
temperature is not evenly distributed. Above the table the ther- 
mometer registers 144° ; at the extremities of the arms of the cross 
it is only 114°. On the floor and along the wall are vases of marble 
or onxy, indicating the hot and cold spigots. 

The bather first rests on the marble table until copious sweating 
is produced ; then he delivers himself up to the masseur, who kneads 
the anterior and posterior parts of the body and theu applies enough 
friction with a camel's-hair glove. This is followed by ablutions 
with soap and warm water; the body is then sprinkled with per- 
fume ; then comes the toilet ; a short rest and a cup of tea complete 
the process. 

[In England and America the method of giving the Turkish bath 
consists in having the patient pass from the ordinary living tempera- 
ture into a hot room, and after remaining here a variable period 
until sweating is established, to pass into successively hotter rooms, 
where a still more profuse sweat is produced ; from here he passes 
into the hands of the rubbers, who soap and rub him, and, finally, 
give him a cold douche or he tikes a plunge in a pool, and is met 
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by an attendant, who dries him and allows him to rest and sleep for 
many minutes. This bath establishes a good vasomotor tone, relievos 
the kidneys, and is valuable for rheumatism and gout and in some cases 
of obesity. It is contraind Seated in eases of cardiac dilatation — Ed.] 

The Turkish bath as applied in Europe bas a temperature of 122° 
to 212°. Massage is also administered and affusions of cold water 
made ; in some cases the cold tub-bath or the douche is given. It 
is a difficult matter to employ these procedures in a methodical and 
scientific manner in a private house, and hence they are scarcely n|h 
plicable to those who are acutely ill. In the tropical countries 
use of these baths is universal and constitutes an important saniti 
measure. Diaphoresis is profuse, especially when liquids are taken 
during the bath. The effect of the multitude of procedures is not, 
as we might ex pect, a sense of fatigue, but rather a feeling of ease 
and comfort. Large states that these hatha produce a stimulation of 
all the uutritive processes. 

According to Oertel's studies, made at the Turkish baths of 
Kolditz, the quantity of water lost from the Ixxly varies from 500 
to 1000 grammes. 

Clinical Application. 

We have now completed the description of the various hydro 
therapeutic measures aud can begin the discussion of the principles 
governing their practical application for purposes of treatment 

When we have to deal with a grave case it is best to carry out the 
treatment in a properly appointed establishment under the super- 
vision of an experienced physician, but the majority of patients n 
continue to live at home or at a hotel. 

In any case, the hydrotherapeutic regimen should not be instituted 
without due deliberation, since, if not methodically carried out, i 
may be fruitful of harm. 

When the indication is pressing any time in the year is suitable 
for commencing the treatment, but under ordinary circumstances a 
moderately cold and dry season is preferable. In the case of feeble 
patients incapacitated for taking exercise, aud particularly those suf- 
fering from diseases of the air-passages, the summer is the beet sea- 
son for inaugurating the treatment, while for constitutional diseases 
(diabetes, obesity, neuroses, etc.) the winter season is most favorable. 

The duration of the treatment is usually prolonged. Not rarely 
the morbid phenomena are somewhat aggravated at the end of the 
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first lew days, but this dues not constitute an indication for suspend- 
ing the treatment. An intermission of several days is advisable, 
however, if a marked degree of excitement is produced. 

Id those cases where the treatment has to \x long continued it is 
wise to suspend it from time to time. It will often be observed that 
the patient's condition ameliorates more during the periods of rest 
than it did during the continuance of the treatment. 

The therapeutic effects of hydrotherapy are various ; they may be de- 
scribed under the three terms of stimulative, sedative, and revulsive. 

Stimulation, that is, the production of a strong reaction, is obtained 
by means of cold applications having a short duration and combined 
with very active mechanical procedures. 

The most stimulating methods are simple washing with friction, 
the Scottish and the alternating douche, and, most efficient of all, the 
cold douche, given with the movable-jet or the shower-douche. 

The sedative influence of hydro therapeutic measures is secured by 
lessening the intensity and prolonging the duration of the reaction. 
The means employee! may lie quite powerful. Not infrequently it is 
necessary to prepare the patient by gentler measures before subject- 
ing him to the more energetic procedures. Thus, we may precede 
the use of the cold bath, the most powerful means of sedation, by 
tepid affusions or tepid baths or the wet sheet. 

Other sedative methods are the alternate use of hot and cold, as 
the vapor-bath with active applications of cold water, and the seda- 
tive Scottish douche previously described. 

Lastly, a sedative action can also be obtained by attenuating the 
sensitiveness of the terminal ncrve-fi laments by a long sojourn in the 
tepid bath, to which mucilaginous substances may lie added. 

Revulsion, that is, the determination of the blood to the surface 
for a prolonged |ieriod, is produced by means of hot applications or 
by alternate applications of heat and cold. The revulsive Scotch 
douche, already described, is one of the best agents for this purpose. 
AVbcn the patient is confiued to bed the dry or wet pack, followed by 
cold affusions, may l» employed. 

The conditions in which hydrotherapentio measures are advan- 
tageously employed are manifold. In the treatment of fever frequent 
use is made of cold ; and in sthenic cases cold applications of short 
duration are very valuable. Prolonged local applications ofookl ex- 
ercise a marked antiphlogistic effect. 

[The most important of these is the so-called Brand method of 
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In diseases of the nervous system recourse is had to diverse forms 
of hydrotherapeutic treatment, according to the end desired ; for the 
alleviation of pain revulsive procedures are especially indicated. In 
rheumatism hot or mixed applications, often combined with massage, 
are of undoubted value. The styptic action of cold or the reflex 
effects engendered by energetic local applications of beat or cold are 
an important means of controlling liernorrbage. Finally, in the so- 
called diseases of nutrition, good results are unquestionably u 
by the use of hydrotherapeutic agents. 

There are a number of contraindications to the emplo; 
hydrotherapy. As a general rule, the organic diseases, such a 
monary tuberculosis, general paralysis, diabetes mellitus, Bright's dis- 
ease, chronic diseases of the heart ami the vessels, preclude the use of 
cold applications. It is true that in the incipient stages of these mal- 
ii'lii" -11H1 applications, particularly of the gentler variety, may be 
' mployed; hut as soon as thereisastate of general debility or of weak- 
ness of the circulatory organs the contraindication becomes absolute. 

The existence of disease of the skin eontraindicates the use of 
certain special procedures, among them the use of cold water and the 
•westing liy means of the lamp. Baths, simple or medicated, I 

T" 1 batli and the tepid-bath, or the hot douche, are, on the other 
linti'l, Wry useful in certain forms of skin diseases. 
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The custom of spending the summer at a resort possessing a 
mineral spring is becoming more popular year by year, especially 
among the dwellers in large cities. This is due in all probability 
more to a desire to be fashionable than to a real necessity. We do 
not wish to imply, however, that mineral springs are of doubtful 
value ; indeed, many of them are powerful agents, but it seems to us 
that their popularity is not entirely due to their therapeutic usefulness. 

It is the sufferers from chronic disease and the semi-invalids which 
find in such resorts a proper and necessary rest from the pressing 
cares of modern city life. If the place is rightly selected, such 
persons will be greatly benefited by the treatment; but a mineral 
spring is a two-edged sword, and it may do harm if not suited to 
the patient's state of health. Hence it is exceedingly important to 
have a knowledge of the properties and actions of mineral waters. 

The use of mineral waters dates back to ancient times; it was 
quite prevalent among the Romans, who founded many establish- 
ments in Gaul. Nevertheless our knowledge of their medicinal 
properties is almost entirely modern ; yet it is far from complete, 
and mineral waters still rank among the quasi-mysterious agents. 

The action which they produce depends in general upon four 
factors : (1) Upon their mineralization, or, rather, upon their chemi- 
cal and physical properties ; (2) upon their temperature ; (3) upon 
their mode of employment ; and (4) upon the hygienic and adjuvant 
conditions (especially the climate) of the resort. 

We shall briefly study these factors in detail. 

Durand-Fardel defines mineral waters as those natural waters 
employed in medicine by reason of their chemical composition or 
their temperature. This definition would include ordinary water 
raised to a certain temperature. Many authors do not agree to 

1 The parts on Thermic Agents and Hydrotherapeutic Measures should be read with this 
part. 
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(his, but affirm that mineral waters, no matter what their constitu- 
tion, exert an action which differs from that of the ordinary potable 
water. 

The point of emergence of mineral springs is extremely variable ; 
it may be in ancient or in recent strata, in crystalline or in sedi- 
mentary rocks. Springs are scattered over the entire surface of the 
globe — iu all zones, in all countries. 

Those that have a high temperature are generally in the neighbor- 
hood of volcaaoes; when found in transit iuual strata they always 
issue from granite rocks. 

Mineralization. The mineralization or chemical oompoaitioa od 
the spring is usually in accord with the nature of the stibterraneao 
strata traversed by the water. Such surface- waters as are counted 
among mineral springs obtain their properties by tixiritition. 

The character of the bed of a spring does not always give a iinv 
to its composition, for the same regions may possess waters differii 
considerably. The bases are derived from the cootaininir strata, 
but the dissolved acids may have their origin at a remote distance; 

Certain waters — several of great importance — are mineralize! 
a less extent than drinking-water ; their specific gravity is Kneel 
above that of distilled water. 

The chemical composition of mineral waters is remarkably con- 
stant, although the true composition must still be considered almost 
unknown. It is customary to make two kinds of analysis. Iu the 
one the component elements, or the simple compounds, 6uch as acids 
and bases, arc determined ; this is known as the real analysis. Iu 
the other, kuown as the hypothetic analysis, the combinations 
which the elements or the acids and bases are supposed to exii 
are reconstructed. 

Tin 1 hypothetic analysis cannot be exaot, but is valuable from 
standpoint of therapeutics, and constitutes the bases of the classifica- 
tion of mineral springs. 

According to the Atmuaire des Eaux c/r France, mineral waters 
contain a small number of acids and bases, which, as a rule, mutually 
saturate themselves. When the saturation is uot complete the acids 
are present in excess. The acids that may be found are carbonic 
dioxide, hydrogen sulphide, sulphuric, hydrochloric, hydrobromic, 
hydriodic, nitric, phosphoric, and arsenious. The first three are 
most important. Among bases we haw sodium, potassium, oal- 
cinro. magnesium, lithium, and the protoxides of iron and mau- 



led 
lue 

DBt 

the 
•ids 

I 

;ist. 
ica- 




MI.WERAL WATERS, 133 

gauese. Sodium is present iu nearly alt mineral waters, generally 
as tlie predominant base ; potassium very rarely preponderates. 

The principal gases are carbonic dioxide, nitrogen, hydrogen, 
hydrogen sulphide, different forms of carburelted hydrogen, am- 
monia, and hydrochloric acid gas. The oxygen and a part of the 
nitrogen are probably derived from the atmosphere. The origin of 
the others has not been definitely determined. 

Certain gases, by reason of their abundance and their influence 
upon the organism, form important ingredieuts of mineral waters. 
Such gases are hydrogen sulphide, carbonic dioxide, and probably 
also nitrogen. Many gaseous springs contain carbonic dioxide, both 
in tlie free and the combined state. 

Iu addition to the commoner substances mentioned above, there 
are others of much rarer occurrence in mineral waters, as arsenic, 
salicylic, boric, hydrofluoric acid, aluminium, barium, strontium, cop- 
per, nickel, cobalt, titanium, rubidium, caesium. Organic matters, 
generally playing the part of acids, may also be present. 

Arsenic was discovered by Tripier, in 1889, in the thermal spring 
of Hammam-Meskoiitine, in Algiers. 

Since then It has been found in the water of Bourboule, Vichy, 
Mont-Dore, and others. According to Le Fort, it is derived from 
arseniferous ferruginous minerals. 

Temperature. The temperature of mineral springs varies — some 
waters are cold, others tepid, and yet others warm ; the latter being 
the so-called thermal springs. It should be noted at this point that 
the term thermal has a variety of meanings. 

The French Annuntre considers a spring to be thermal when its 
temperature is appreciably above that of the mean annual tempera- 
ture of* its place of emergence. 

Filhol applies the word to all springs having a constant tempera- 
ture. Du rand -Fardel makes the same divisions of springs as are 
made of baths, terming those having a temperature below 68°, cold; 
those having a temperature of from 68° to 86°, tepid ; those the 
temperature of which is 87° to 96°, hot; and those having a tem- 
perature of 97° to 114°, very hot. 

An important and interesting fact is the constancy of the tem- 
perature of mineral springs. Carrere, in 1754, determined the 
teni|ierature of the springs iu the Pyrenees, and Le Grand, ninety 
years later, obtained the identical figure. 

Springs that have a deep origin are generally warmer than those 
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coming from near the surface. Solid strata and a rapid Bow 
factors that favor the conservation of the heat of a spring, while a 
porous soil or an iutercal luted lake or expanse of water tend to 
produce a variable temperature. As a rule, constancy of temperature 
is associated with (lie constancy of mineralization. 

Unctuosity. Certain mineral springs particularly rich iu organic 
matter have the peculiar property of unctuosity. In sulphur springs 
possessing this quality, Foutan and others have found various forms 
of microscopic alga*. The one discovered by Fonlan, a delicate, 
filamentous alga, inhabits only sulphur springs having a teruperatui 
of 97° to 1 14°. It contains a small proportion of iodine. 

Electric Condition. A number of springs are endowed with 
active medicinal properties which seem to Ije entirely independent 
their chemical constitution. Seoutteten has proposed the theory that 
the effects are due to electricity. Gigot-Swnrd and Armieux have 
found that in sulphur springs the tension on the surface ts positivi 
in the deeper parts negative. In their opinion the electric condition 
is due to the incessant mollification of the element sulphur. Paul 
Benard confirms the results of Scoutleteu's res cardies, but declares 
that there is not any relation between the electric reactions and the 
therapeutic properties of mineral waters. 

Waltenliofeu, of Gastein, lias carefully compared the conductivit 
of medicinal waters with that of various potable waters, aud has 
found that the former possess conductivity iu a higher degree than 
ordinary drinking-water. 

The data, however, are as yet insufficient to permit us to form any 
positive conclusions with respect to the part played by the electric 
phenomena ill the tlierajieiitio action of mineral springs. We mav 
state the present status of the question as follows: Certain mineral 
waters of an indifferent chemical constitution appear to be in a pecu- 
liar electric state, by reason of which their influence upon the organ- 
ism approaches that of the electric bath. In others the electrical 
condition is susceptible to change during the course of their employ- 
ment, a peculiarity which endows such springs with properties dif- 
fering markedly from those possessed by ordinary water. 

The greater number of mineral waters undergo changes on exposure 
to the air: a part of the contained gases is disengaged and some of 
the salts are deposited. In the incrusting springs these salts are 
calcium compounds; in others, silica or iron is de|wsited. 

Mud-springs. Mud-springs, the therapeutic value of which is 
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unquestionable, are of two varieties — the mineral and the vege- 
table. 

Vegetable mud-springs are those which contain algae, or are im- 
pregnated with decomposing organic matter. Such springs are found 
at N6ris, Bourbon-Lancy, Bourbonue, Bagnferes-de-Luchon, etc. 

The Physiological and Therapeutic Uses of Mineral 

Waters. 1 

The use of mineral waters in medicine is founded entirely on em- 
piricism : clinical observation and therapeutic results are even at the 
present time our only guides in their employment. In recent years, 
however, much has been done toward the attainment of a more accu- 
rate knowledge of the uses and actions of mineral waters, and the 
results attained give promise that the treatment will soon be based 
on scientific principles. 

We may divide the treatment into the external and the internal. 
Although both are generally employed conjointly, the distinction is 
of value. 

Effects of the Bath. The most typical of the external measures is 
the bath. It is capable, even when used alone, of producing marked 
therapeutic effects. Whether analogous results can be accomplished 
with ordinary potable water is a question that has often been dis- 
cussed. 

The differences that exist between the results at one station and 
those achieved at another, although the bath may constitute the prin- 
cipal element of the treatment in each, demonstrate conclusively that 
mineral waters possess a peculiar action of their own. These effects, 
however, are obtained in diseased persons, and are therapeutic rather 
than physiological. Physiological studies of value can only be made 
upon healthy subjects. Quite a number of authors have occupied 
themselves in recent times with researches of this character, and have 
secured data which we shall briefly outline in this chapter. 

The experiments of Rohrig and Zuntz, as well as those of Beneke, 
have shown that salt-baths stimulate the activity of the skin and 
modify the nutritive processes. Keller's comparative studies also 
indicate clearlv that there exists a noticeable difference between the 
action of the salt-bath and the ordinary bath ; a result that is strongly 
corroborated by Gauly. Groedel has found that the salt-bath and 

1 The chapter on Thermic Agents should be read in connection with this chapter. 
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the simple bath do not influence the cleetrie excitability of the I 
in the same way. 

The ferruginous baths, according to Flechsig, have their s 
properties, and even the carbonated baths have been asserted to j: 
sess, by Jacob and by Stiller, qualities that distinguish tbem f 
simple baths. 

Even those baths that arc mineralized to an insignificant de* 
such as Xeris, which contains only 1.1445 grammes of solid t 
litre, are capable of producing marked and peculiar effects. 

Let us examine as to which factor or factors these effects are dm 
Is there any absorption of the mineral and gaseous ingredients of tin 
waters, and will this absorption account for the therapeutic results* 

A large number of investigators — Braun, Poulet, Rabutca 
Roussin, Parisot, Valentiner, Passaboc, Keller, and others — de< 
these questions in the negative, while others are convinced I 
should be answered in the affirmative. Thus Delore, Durian, 1 
molle, Hofmann, VUleniin, AVolkeustein, and Stabe! have | 
that certain active substances, especially digitalis and potassium 
iodide, pass through the skin. But the quantity absorbed is very 
small, and this factor plays, probably, no role in the effects produced 
by the baths. 

Yet, although the bodies in solution do not penetrate so far as th« 
blood, they at least permeate the superficial layers of the skin. This 
imbibition on the part of the skin is favored by beat and by the r 
moval of the layer of sebaceous matter normally present. It is met 
marked on the soles of the feet and palms of the hands, where seb: 
eeous glands do not exist. 

This imbibition does not of necessity imply absorption. Ener 
friction performed during the bath may be able to cause the peuetr 
tiou of the medicinal substances into the duets of the sebaceous d 
sudoriferous glands, or into the hair- follicles, and yet no real cvidem-. 
may be found of any absorption. According to Anliert and Schol 
the bodies in solution may even, without having been absorbed, y. 
mente the integument as far as the terminal nerves, which approacl 
nearer to the surface than the bloodvessels. 

Perhaps this direct action upon the cutaneous nerves is in part tl 
cause of the special influence of the baths. 

The absorption of gases and volatile substances is much less i 
doubt. Hydrogen sulphide, iodine, and carbonic dioxide pass into 
the circulation, but only to a limited degree on account of the tensio 
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Some of tlie gases disengaged 
( with the respired air aud be 



of the gases of the lymph and blood, 
from the surface of the water may r 
inhaled and then absorbed. 

Be this as it may, the total quantity of active substance absorbed 
tbrough all channels is small, and the peculiar effects of the bath3 
cannot be attributed to this factor. 

We are, then, compelled to rely for the influence of baths upon the 
body through the medium of the nervous system. 

Leich ten stein held that mineral thermal baths did not produce 
effects at a distance through the medium of the vasomotor or the 
pneumogastric nerves, but that the baths simply acted like the other 
procedures of balneotherapy. It is generally admitted, however, 
that there is a peculiar exciting action, and if this is not admitted 
the effects of the hatha remain absolutely mysterious. The oltserva- 
tions of Jacob confirm this ; he found that a bath containing carbonic 
dioxide had an action on the heart differing from that produced by 
ordiuary soft water. 

The special effects may depend upon the physical properties of the 
water as well a3 upon the chemical. Certain writers ascribe them 
to electric conditions; others see au analogy between the effects of 
mineral water containing metallic substances in solution and the 
phenomena produced by the application of these metals to the sur- 
face of the body. 

The temperature of the water does not constitute a special quality, 
but some influence must be accorded to the great constancy of the 
temperature, and perhaps also the perpetual renewal of the water of 
certain springs. Of considerable importance are the softness or 
hardness and the unctuosity of the water, and the irritant proper- 
ties depeuding upon the presence of certain salts, as well us the 
disengagement of gas-bubbles from certain waters and their impinge- 
ment on the skin. 

It should also be added that the repetition of the baths, as is 
customary at resorts, brings about a summation of effects. 

Whatever the essential factor, there tan be no doubt that the 
baths at certain stations are capable of producing a distinctly patho- 
logical statt — a form of thermic fever, characterized by general 
disturbance with malaise, by acceleration of the pulse, rarely by a 
transient elevation of temperature, and at times by cutaneous erup- 
tions, which, however, in a number of instances, at least, is only the 
recrudescence of an old malady. This thermic fever is noticed, as 
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a rule, after the twelfth bath, and, if inild, it has a favorable prog- 
nosis. 

Effects of Mud-bath. The subject of mad-laths may properly 
be considered under the head of mineral springs. There are three 
resorts in France where such laths ale given — Barbotan, Saint- 
Amand, and Dax. 

The treatment in vogue at these places consists of the immersion 
of the body, for a variable period, in mineralized slime, maintained 
at a constant temperature. This is followed by a simple bath tor 
cleansing the skin. 

The mud-baths may be employed in the form of general or of 
local applications. 

In Germany the mud-baths (tchlammbikbr) are extensively in u 
At certain places, such as Franzensbad, the mud is prepared artifi- 
cially by mixing a fine loam with mineral water. Lake Balatun- 
Fiired, in Hungary, furnishes a grayish slime containing an abun- 
dance of silicate of lime crystals, which produce a certain degree of 
friction of the skin. 

The physiological effects of the mud-baths are not well under- 
stood. The dense or massive baths appear to act, in part at least, 
by the pressure which they exercise upon the skin, and by driving 
the blood from the periphery to the central parts of the body. An 
impediment is thus offered to the establishment of the thermic 
"iiiililiNiiin between the body and the bath, and consequently the 
temperature of the blood is not lessened, although that of the bath 
is low. Jacob has even noted an increase in theceutral temperature, 
no doubt attributable to a retention of heat. For the same reasons 
the mud-bath at a high temperature is more easily supported than a 
bath in water of the same temperature. 

According to Fellner, some influence is to be ascribed to the 
presence in the bath of mineral wilts. 

When the temperature of the bath is equal to or lower thau that 
of the skin, the pulse and respirations are decreased in frequency, 
while the cutaneous perspiration and the excretion of urea are 
augmented. The mud-baths can be prolonged to a much greater 
length than the ordinary baths. They do not produce relaxation of 
the skin or sweating. 

With the exception of Barbotan, the baths of which are sedative 
to rheumatic patients, the mud-baths are, as a rule, stimulant to the 
skin aud have a resolvent effect. 
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At Franzensbad the stimulation is intense, the application being 
followed by a vivid and persistent redness of the akin. This, 
indeed, is the case at the majority of resorts, notably at Balatou- 
Fiired, the silicated baths of which produce a distinct erythema. 

At some stations the therapeutic effect is probably in part due to 
the respiration of air charged with sulphur. This i3 an important 
factor in the influence of the baths of Saint-Amand. 

The topical applications made with the confervaceous algie that 
grow in the basin and pools of mineral water constitute a special 
form of treatment. 

At N6ris, at Bourbon-Lancy, and at Valdieri, Italy, these vege- 
table substances serve especially for the purpose of practising friction, 
which may be combined with massage. 

In some instances, as at N6ris, the conferva; enclose crystals of 
calcium carbonate, which intensity the effect of the friction. 

Effect of Douches, The douche of mineral water exercises, like 
the bath, a peculiar effect, which is equally difficult of explanation. 
The mode of application, and the i 
no doubt contribute to this effect: 
the other h yd roth era peu tic measure 
tires and Thermic Agents.) 

In certain localities the chambers in which the douches are given 
arc filled with vapors and gases that are in part alisorbed through 
the air-passages. This factor probably plays a role in the production 
of the therapeutic effects. At Bagueres-de-Liichon, Filhol found free 
sulphur aud hydrogen sulphide in the atmosphere of the douche- 
chamber, and he estimates that during a sojourn of a quarter of an 
hour an individual inspires 82 litres of air containing 1.40 c.cm. of 
hydrogen sulphide. At Bareges the air in the apartment contains 
3 per cent, less oxygen than the general atmosphere. At other 
resorts the carbonic dioxide is in excess, while at still others a de- 
posit of free particles of sulphur occurs on the skin. These various 
peculiarities assist us in understanding the variability of the effects 
obtained with measures that are apparently similar in ohanoter. 
When the douches are applied to a mucous membrane, as that of the 
vagina, the rectum, the conjunctiva, and the pharynx, the absorption 
of medicinal substances undoubtedly adds its effects to the topical 
Mtion of the water. 

Lt/t'i/'ition. During recent years the inhalation of mineral water 
npon has become one of the most important therapeutic measures. 
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In reality it may be considered as a form of internal treat luent. 
Several factors combine to produce the effect derived from inhala- 
tion — the watery vapor, the heat, and the modification iu the res- 
pired air, the last consisting in an alteration of the proportion of 
gaseous constituents in the addition of foreign gases, or in the sus- 
pension in the air of saline particles or of organic .substances capable 
of penetrating with the air into the lungs. 

In Germany the inhalation of gases and vapors disengaged from 
sulphur waters has long been in vogue. Patients have also beta 
sent into the drying-houses and evaporating- rooms of salt factories 
that they might inspire the salt-laden atmosphere. The first inhala- 
tion -chambers in France were established sixty years ago at Mont- 
Dore by Bertram!, to whom the idea had been suggested by a jwitient 
suffering from asthma, who attributed Ins cure to the vapors arising 
from the springs. 

TbC-nard and Lcfort found saline particles and an arsenical salt in 
the vapor of the chambers at Mont-Dore, and Nicolas recently 
established the fact, that in these chaml>ers the proportion of carbonic 
dioxide is sixty times greater than in the air. 

Traces of saline particles and of organic substances have been 
found in the water of condensation iu the chambers at Plombieres. 
Analogous observations have also been made by Petit at Vichy. 

At Royat the atmosphere of the inhalation-chambers is said to 
contain carbonic dioxide, soda, sulphuric acid, and organic matter 
(Nivet). At La Bourboule special contrivances have been devised 
by means of which the mineral water itself is transformed into a 
spray, and aa such pervades the atmosphere. This has also beeu 
done at Ischl, where chloride of sodium produces the effects. 

At other stations the atmosphere contains only those vapors dial 
arise spontaneously from the waters at the temperature of the air. 

Inhalation of Salt Air. The inhalation of salt air is a special 
feature at several German and Austrian watering-places. The 
waters, which are more or Ies3 rich in sodium chloride, are con- 
ducted by means of hydraulic machines to the upper parts of an 
apparatus consisting of bundles of dried twigs superimposed upon 
one auother. These are the Gmdixwerke of the Germans. The waters 
run through pipes that are disposed on all sides, and which, being 
pierced by lateral holes, permit the water to fall upon the fagots. 
As the water descends over the smaller twig* it is broken into fine 
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drops, which lower down are still farther sul)di video* and eventually 
become volatilized. 

Daring the progress of the evaporation tiie air becomes impreg- 
nated with certain principles and its chemical constitution is altered. 
The patients inhale this air daily for a variable number of hours. 
It diners from the ordinary atmosphere in possessing a peculiar fresh- 
ness, in having a higher density and a greater proportion of oxygen 
and perhaps of ozone. It is more or less saturated with the vapor 
of water and encloses a notable quantity of sodium chloride as well 
as traces of iodine and bromine. The carbonic dioxide seems to be 
present in a smaller proportion than it Es found normally. 

The effect of the salt air is sedative and manifests itself iu a slow- 
ing of the pulse and in a diminution of the respiratory movements, 
whirh, however, have a greater amplitude. 

At certain watering places the atmosphere of the inhalation-cham- 
liers is modified by the playing of one or more fountains. 

Inhalation of Hydrogen Sulphide. A considerable quantity of 
hydrogen sulphide is emitted from many sulphur springs. Since 
1845 inhalations of this gas have been given at Anu'lie-les-Baius 
and at le Vernet. The patient can remain in the in ha ling- rooms for 
several hours without experiencing any discomfort. Respiration is 
not impeded, but the circulation is somewhat slowed. 

At Allevard the gas given off from the sulphur springs contains 
in every litre, hydrogen sulphide, 24.75 c.cm. ; carbonic dioxide, 
97 e.eni. ; nitrogen, 41 c.cm. To secure the escape of these gases 
the water is allowed to fall over a unmlter of sujici'im posed vases. 
The patients do not disrobe to enter the iulialing-chambers; after a 
sojourn of several hours a slight headache develops, which, how- 
ever, disappears promptly on returning to the fresh air. The effect 
of the inhalation at Allevard is sedative. At J-raint Honore the 
hydrogen sulphide is made to mingle with the air by means of an in- 
genious apparatus devised by Collin. The effect is primarily seda- 
tive, but after a time becomes stimulating. 

Baths of hydrogen sulphide have also been employed. They are 
administered in chambers analogous to those used for vapor-baths, 
and have a calmative influence upon the nervous system and the 
circulation. 

The Use of Carbonic Dioxide. The gas, the application of which 
is the most varied, is carbon dioxide. The idea of its use in medicine 
was conceived in Fiance in 1834, by Goin, at Saint AJban, who 
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devised apparatus for employing it in diverse ways. Its therapeutic 
value lias been thoroughly investigated in Germany, where numerous 
stations have adopted its use, such as Marieubad, Carlsbad, Mein- 
berg, Crouthal, Eger- Fran zens bad, Canstatt, Kissengen, and Nau- 
heim. Of French resorts employing the gas we may name Saint 
Albnn, Celles, Saint Nectaire, Vicby, and Royat. 

The gas, emerging from fissures in the earth or escaping from 
springs, is used either in the pure state or mixed with the atmos- 
pheric air or hydrogen sulphide, or with the vapors of the mineral 
springe. 

It may be employed in the form of baths, douches, or inhalation*. 
The hatha are administered in special bath-rooms. The head remains 
in the normal atmosphere, the latter heing frequently renewed. 
Boxes similar to those used for ordinary vapor-baths may also be 
employed. The patients generally are lightly clad, and cover them- 
selves with warmer clothing on leaving the bath. 

The duration of the bath is from ten to twenty minutes. Local 
baths are given by means of the apparatus used for the ordinary 
partial baths. 

For the administration of douches aud injections into cavities the 
gas is conducted through rubber tubes terminating in special nozzles. 
The delivery of the gas is regulated by means of stopcocks. The 
nozzle in the case of the uterine and vaginal douche is passed through 
a fenestrated s]wculum which fits into a rubber pad so arranged that 
it prevents the escape of the gas. 

By means of special contrivances, douches may be directed against 
the eyes, into the ears, and into the nasal fossse. 

For purposes of inhalation the carbonic dioxide should be inixid 
with atmospheric air, in the proportion of 5 to 8 parts to 100 of ai 

Special methods are necessary to obtain the proper mixture. 

A crude method consists in the inspiration of the gas through a 
tulte from n gasometer or directly from its source, while pure a 
simultaneously inspired through the nose. In other cases the gas 
is introduced into the open mouth ami there mingles with the air. 
These modes of inhalation are fatiguing, and also do not permit 
exact dosage of the gas. 

Iu localities where the inhalations are systematically practised they 
are given in well-closed chambers, to which the gas is carried in tubes, 
Small apertures in the conducting tubes permit the escape of the 
and its diffusion through the atmosphe 
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The dosage is controlled by means of stopcocks and valves. 
Quite frequently the air is rendered moist by a jet of water or by 
steam. Every care is taken to prevent the presence of carbonic 
dioxide in excessive amounts. The sSance is short, about ten min- 
utes, being progressively lengthened to twenty minutes. 

The physiological properties of carbonic acid are well marked. A 
stream projected against the skin first causes a sensation of coolness, 
then one of warmth, and, finally, almost complete anaesthesia. Simi- 
lar phenomena are developed when the body is exposed to an atmos- 
phere of C0 2 , the respiration at the same time being carried on in 
the free air. Sweating may also be produced. According to Paalzow 
and Pfliiger, the baths do not augment the nutritive processes. The 
ability of the skin to absorb carbon dioxide renders the use of the 
baths not entirely devoid of danger ; their administration should, 
therefore, be supervised. 

Rohrig has found that animals may be killed when immersed in 
an atmosphere of C0 2 , although they are breathing the normal air. 

In places where the treatment is systematically pursued, the fol- 
lowing phenomena are normally observed : 

There is at first a transient pricking sensation (pieotement) of the 
skin, and at times pruritus ani ; then follows a feeling of heat, and 
the skin breaks out in a copious sweat ; there is also a desire to 
urinate, a certain degree of genital excitement, and an acceleration 
of the pulse. 

When the proportion of carbonic dioxide does not exceed 15 to 30 
parts in 100 the bath produces a general stimulation of the system ; 
but when too prolonged it gives rise either to a state of excitement or 
to one of fatigue and prostration. 

The inhalations are more dangerous. Carbonic dioxide is, indeed, 
a very poisonous gas, and when present in the atmosphere to the 
amount of 1 part in 100 is productive of more or less serious conse- 
quences. When the proportion is greater and the respiration of 
such an adulterated atmosphere is long continued, the blood becomes 
surcharged with C0 2 . After a brief stage of excitement paralytic 
and asphyctic phenomena develop. 

For these reasons the physician should carefully superintend the 
inhalation. On account of the dangers incident to their use the 
injection of gas into mucous cavities has been abandoned. At 
present the baths represent almost the only method in which car- 
bonic dioxide is utilized. 
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The Use of Nitrogen. In recent years the attempt has lieen made 
to use the nitrogen which is contained in certain mineral waters for 
therapeutic purposes. 

Nitrogen is commonly regarded by phy-iulogists as an inert ga*: 
it is not deleterious, but simply unfit for respiration, Nevertbeles 
it possesses some physiological properties. It is not readily solnbl 
in water ; 25 c.cm. in a litre — while blood holds in solution ten time* 
this amount. It is the red corpuscles that possess themselves of it, 
for the serum, according to Fernet, does not dissolve it. The analvs 
of the blood-gases, made by Magnus, have shown that there is more 
nitrogen in arterial than in venous blood, a tact which seems to ii 
dicate that a certain quantity of the gas enters into the circulatior 
during the respiratory act. Liebig, Itegnault, Planer, and Paul 
Bert have, indeed, admitted that the atmospheric uitrogen is to a 
slight extent absorbed by the lung. Aeeurdiug to Kegnault and 
Iieiset, the nitrogen of the blood is derived from the atmosphere and 
from the nitrogenous food-stuffs. Reiset even believes that the skin 
is capable of absorbing a small proportion of the gas, 

Tli.it tin; atmospheric nitrogen plays an important part in vegeta- 
ble physiology, especially in the processes of nutrition, can uo longer 
be doubted. Abundant proofs have been brought forward by the 
valuable labors of G. Ville and of Berthelot. But regarding ani- 
mals and man the evidence of an influence ou the part of nitrogen 
upon metabolism is very limited. In spite of this, nitrogen is i 
quite extensively employed as a therapeutic agent. 

Its medicinal properties have been investigated by Nysten, and 
very thoroughly by Lecomte and Demarquay, Lemoine, and Stoin- 
bruck. 

Inhalations have been used especially in phthisis, the patient 
respiring an atmosphere to which from 2 to 7 per cent, of nftnjgw 
has been added. The first account of the results achieved i 
given by Mermagen, in 1880. When the treatment was coufiued to 
iuhalations of nitrogen and the ingestion of nitrogenous waters the 
results were not marked. 

The principal studies of the method have been made by Roll den, 
Horliny, Briigeliuanu, and Zuntz, and by Spanish physicians at 
Peuticoza, Urberoaga, and Caldas di Ovicdo. Of the Spanish writers. 
Arnns and Garcia Lope;: deserve special mention. 

The Ditrogen treatment has been highly developed at Lippspringe 
aDd at Inselhald, where the water at the moment of its tnm>fiir- 
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mation into spray by flowing over fagots gives off its gases to the 
atmosphere in which the patient breathes. 

The systemic effects are sedative ; the pulse becomes slower and 
softer, respiration easier; the temperature tends to fall, cough and 
expectoration diminish, the nervous irritability lessens, and sleep 
improves. To secure the best results no more than 7 per cent, and 
no less than 2 per cent, of the oxygen should be withdrawn from the 
air. In the atmosphere thus lightly rarefied the lungs are subjected 
to a mild form of gymnastic exercise. Whether the nitrogen itself 
has any medicinal properties is uncertain, and the question is certainly 
still sub judice. 

Humage, Aspiration, Suction. A method somewhat analogous 
to inhalation is that known as humage, aspiration, or suction. It 
was first proposed by Lambron, at Bagnfcres-de-Luchon ; at present 
it is in use at several resorts. The patient, by means of an appro- 
priate mouth-piece, aspires or inhales from a reservoir the gases, 
spontaneously disengaged from the mineral springs, mixed with the 
atmospheric air. 

The effects produced by this practice have not been fully investi- 
gated. 

Atomization. The method of atomization consists in causing 
solutions of medicinal substances to enter the respiratory passages 
in the form of a fine spray. It originated at the sulphur springs of 
Lamotte-les-Bains. Since the invention of portable apparatuses the 
method has become an important element in ordinary therapeutics, 
and is now applied to the use of medicinal solutions apart from 
mineral waters. 

It is unnecessary to describe the multiform apparatuses that have 
been devised for securing the atomization of fluids. Most important 
is the question of the value of the method. 

In the first place we may ask, Do mineral waters subjected to 
atomization conserve their properties? 

Of the sulphur waters which are most commonly employed for 
the purpose, some are markedly modified, others scarcely at all. 

The second point concerns the penetration of the atomized liquids 
into the air-passages. 

A commission, appointed by the Society of Medical Hydrology, 
after some experimentation, concluded that a small quantity of the 
spray enters the respiratory tract, a conclusion that has been con- 
firmed by more recent researches. Waldenberg estimated the quan- 

10 
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■ tin bronchial tub unization of one minute 

un tea to tlrttvn drops. It is scarcely possible to ascribe any there- 
in ill ii' Action in lOoh B doaa Nevertheless this small amount suffice? 
I'm ilii' production of changes, Dot only in the pharynx acid larynx, 
lnil ilto in the trachea ami the larger bronchi. The method, like 

il i iuliiiLiiiuii. is employed almost explosively in pulmonary 

ilirwiiixi* Its most striking iurluenee is upon the secretions and the 
:. in ; 1 1 diminishes rough and dyspncea, facilitates expec- 
lomlloil, ;ind modifies its character. 

i'li. method of irrigation of the nasal fossie with mineral water-. 
awarding to the procedure known as Webers' douche, should 
mi ntlooed before closing this part of the subject. 

Internal Use. Br far the most important mode of employii 
mineral waters is their ingestion internally. They are 
taken in definite quantities, in the intervals between meals, on 
empty stomach. The effects depend upon a number of factors, the 
principal of which are the quantity, the temperature, and composition 
of the water ingested. 

When the water if strongly mineralized the patient takes a com- 
plex medicament iu a more or less diluted state. At many watering- 
places the mineralization is feeble, sometimes even less than in the 
potable waters. It is best on this account to distinguish in the treat- 
ment the common effects, those attributable to the ingestion of water 
and the special effects arising from the peculiar composition of the 
water. 

Without attaching too much importance to this distinction, it will 
be important, from the standpoint of the physiological -! 
mineral waters, first, to inquire into the effects produced bv the in- 
gestion of a quantity of plain water. Despite its apparent simplicity 
the question is far from being solved. 

Two factors need to be considered in our inquiry — the mass . _- 
quantity and the temperature. 

It is generally admitted that water taken into an euiptv sunn* I 
disappears rapidly ; a part is absorbed, another is propelled into the 
intestines. What is the proportion that is absorbed ? How rapid!* 
does absorption take place '? Very little is known on these poise* 
with regard to healthy inau. In disease, however, the ingestion of 
water indubitably presents at times considerable variations, which 
should be investigated by the physician prior to adopting a pUn of 
treatment. The gastric absorption of water appears to l»e 
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in part by the phenomenon of osmosis, in part by the muscular 
functions of the stomach. The conditions governing osmosis, quite 
constant, we may suppose, in health, are, without doubt, very vari- 
able in pathological states accompanied by modification in the struc- 
ture of the stomachic mucous membrane or in the composition of the 
blood. As regards the rapidity of the evacuation, it may be stated 
that certain stomachs empty themselves of their liquid or solid con- 
tents with great celerity, while others retain both for a long period 
of time. 

There are patients who can ingest large quantities of fluids without 
produciug gastric distention ; others, on the contrary, experience 
pain when they introduce relatively small quantities, even very 
slowly, into their stomachs. In the latter there is often dilatation ; 
and in all of them abnormal conditions of functional activity of the 
stomach can usually be recognized. 

The influence of the temperature is not definitely known, although 
the belief prevails that tepid or warm water is more readily tolerated 
than cold. 

It is very important to remember that even in perfectly normal 
conditions pure water when ingested excites a certain degree of 
glandular activity, and, in consequence, true digestion. This subject 
has so far been studied scientifically only in the dog, in the work of 
M. Winter and the writer. 

The intra-stomachic processes are doubtless modified by the addi- 
tion of a small quantity of salines to the water ingested. Several 
physiologists, among them Beclard, state that the presence of 2 per 
cent, of sodium chloride suffices to render the absorption of the 
water more difficult. This is practically the sum total of our knowl- 
edge on this interesting and complex question, which deserves dili- 
gent study, since in mineral waters we have represented solutions of 
saline substances. 

Such solutions are capable of modifying the osmotic processes as 
well as the glandular action, the modifications depending upon the 
proportion of materials in solution. We shall revert to this subject 
when considering waters in detail. Arrived in the intestines, the 
water continues to be absorbed. But as intestinal absorption proceeds 
slowly, the water may, if in sufficient quantity, exert a laxative or 
purgative effect even when it contains not a trace of any purgative 
salt. Cold water is in this respect more active than hot, although 
water slightly warm is equally capable of exciting intestinal peri- 
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staUis. At some resorts, the waters of which are feebly mineralized, 
the patients can drink without discomfort 2 or 3 litres in the space 
of 24 hours. 

Iloutsson has claimed that in animals which are forced to drink 
large quantities of water the portal vein becomes mrgescent. Booker 
admits that the absorption of water dilutes the blood, but the change 
ia transient, scarcely enduring longer than fifteen minutes, even after 
the ingestion of a large quantity of water. In attempt 

r- in ■ the dilution of the blood by estimating the quantity of 

hemoglobin by means of the spectrophotometer, Letcfatenstem liiiled 
to note any changes after the consumption of a quantity of (rater. 
We may conclude from these researches that the blood disposes 
rapidly of an excess of fluid. The discharge is chiefly by the kid- 
neys. The diuresis varies with the temperature of the water; it is 
more active uuder the use of hot water, and diaphoresis takes place 
at the same time. It is likewise influenced by atmospheric condi- 
tions, being greater when the weather is cool and moist than when >' 
is hot and diy. When flushing of the kidneys is desired it would, 
therefore, be a palpable error to send the patient to the watering- 
place during the hottest period of the year. 

The kidney is not the only organ charged with the elimination of 
water. In proportion as the latter enters the blood it diffuses itself 
through the entire body and arts probably mi all tin: tissue elements. 
It may therefore modify all the secretions and excite disturbances of 
nutrition. 

Ferber, Mosler, and Weyrich have observed an increased loss of 
substances through the skin, more marked after the ingestion of hot 
than after cold water. Lchmann records the stimulation of the 
parotid secretion ; Weimann that of the pancreas; and Bidder and 
Schmidt, Nasse, Arnold, and ltohrig that of the biliary secretion. 

The study of the fluctuations in blood- pressure have not yielded 
concordant data. Thus Winternitz holds that hot water diminishes 
the pressure of* the blood ; Kisch that it increases the pressure. The 
Ingestion of cold water diminishes the frequency of the pulse, but 
(his effect is transient. It is without doubt due to an influence upon 
the branches of the |ineumogastric nerve, for it is noticeable before 
the tall of temperature consequent upon the internal cooling mani- 
fests itself. 

Unquestionably the most important effect of the iugeetini) of water 
is that exerted upon the nutritive processes. Although the exact 
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deter mil] at ion of the extent and character of this effect is not easy, 
it has been much elucidated by studies upon the variations of the 
urine and of the body-weight. 

The majority of experimenters have found that the urinary losses 
are augmented. Genth, Mosler, Becquerel, Chossat, Lehmann, and 
Falk have observed that in addition to diuresis there is an increase 
in the elimination of urea, of sodium chloride, and of phosphoric 
and sulphuric acids. 

The consumption of from 2 to 4 litres of water increases the ex- 
cretion of urea about one-fifth. Recent observations have yielded 
similar results, at least as regards the nitrogenous elimination. 
Debove and Flamant are almost alone in their denial of an increase 
in the excretion of urea. 

The increase in the elimination of nitrogen has been interpreted 
in various ways. J. Mayer aud others, whose experiments were 
made on animals, believe that the ingestion of a quantity of water 
produces a sort of general lavage of the organism, whereby the waste- 
material retained in the tissues is washed out. Others, as Robin, 
while not denying this factor, hold that there is an increased oxida- 
tion. This is plausible enough, if it is true, as Bordel claims, that the 
weight of minerals diminish when the dietetic regimen remains unal- 
tered and increases when no restriction is placed upon the appetite. 

Genth and others have asserted that the uric acid disappears from 
the urine after the ingestion of large amounts of water. But Sch5n- 
dorff, by employing for the determination of the quantity of uric 
acid the method of Salkowski as modified by Fokker, was unable to 
observe any influence upon the elimination of uric acid. 

Whichever of these various divergent views be correct, we can 
safely say that the ingestion of water seems to stimulate intra-organic 
activity. To this most important influence is added the therapeutic 
effect produced by the constituents of the different waters. 

At places where the water is deficient in mineral ingredients, 
therapeutic results are obtained by the ingestion of large quantities 
of water. At others, where the water possesses medicinal properties, 
small or even relatively insignificant quantities may suffice for the 
production of therapentic effects. 

The mode of employment of the waters must, therefore, be varied, 
and patients should not be allowed to drink as they list. Nothing 
is more frequent than the accidents due to the abuse committed in 
this respect by patients. 
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It i* impossible to lay down fixed rules regardiuir il*e treatment; 
every patient should receive individual study. We shall only ap- 
pend a few general remarks. 

As regards dosage, medical practice has been greatly modified in 
recent years. The large doses formerly prescribed are now consid- 
ered dangerous or on necessary. The fact that smaller quantities 
nfioe U explained by some of the older physicians by assuming 
that the contemporary class of patients is less robust and h 
than that of former generations. 

The active dose varies from two to four glasses a day. It is 
customary and wise to begin with a small quantity and increase 
gradually. This precaution is important, since sotneol 
contain sufficient gas to produce symptoms of intoxication. 

Bone of the waters, of feeble mineral izat ion, can l»e in g etteJ in 
very large doses. These are the so-called lavage- waters, among 
which arc those of Contrexeville, Vitrei, and Evian. 

The amount is generally prescribed by the glassful. For this rea- 
son it in evidently very important that all stations make use of a 
Itandard glass, graduated in the decimal scale. More precise ideas 
of the result* achieved by the waters can then be obtained. 

As u Dltmbcr of mineral waters can be transported to a dtatattoA, 
tlie question has frequently presented itself whether it is indispensa- 
ble to lucoess thai tin' waters be drunk at the springs or whether the 
treatment can be carried out at the patients' homes. We are con- 
fronted in regard to this point by the conflicting statements of tfrt 
companies which solicit the employment of transported waters, nnd of 
the n lident physicians whose existence is endangered if the patients 
do not visit the springs to drink the waters. The latter insist that 
the waters, even in cases in which the chemical analysis demonstrates 
thai they are not modified by transportation, have special properties 
when consumed at their source, and that they do not possess these 
when taken nt the [Client.-.' homes. It is not necessary to mistrust 
the physicians' statements because they are interested; indeed, we 
believe their opinion is well founded, and arc convinced of the supe- 
riority of" the enre" In nil it. 

Bui we do not ascribe the advantage to any myeteriona .jualitics 
el' the water at the springs, which it loses when bottled. Many fac- 
tors, foreign to the quality of the water, are present in the treatment 
carried out nl watering-places, and it is to these accessory factors, as 
they may be termed, that much importance must be attributed. 
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Classification. Europe, and particularly France, is rich in min- 
eral waters possessing a most varied composition and a great diver- 
sity of therapeutic properties. It is obviously essential to adopt some 
classification for the better study of the multitude of remedies which 
Nature has prepared for us. Many classifications have been pro- 
posed, the best being those in which the waters are considered as 
drugs capable of producing certain therapeutic effects. The difficul- 
ties in thus classifying the waters are great, by reason of the com- 
plexity of many of the latter, and the insufficiency of precise facts 
in regard to the elements upon which the effects depend. The classi- 
fications, since that of the Annuaire des Eaux minerales de la France, 
have been subjected to many changes. It was Durand-Fardel who 
first attempted to group mineral springs in such a way as to empha- 
size the relationship existing among certain classes from the point of 
chemical and therapeutic properties. His principle is the only one 
which, in the present state of our knowledge, meets the exigencies of 
practice. 

Without deviating sensibly from the divisions established by 
Durand-Fardel and adopted by the majority of specialists, we shall 
make a few changes. 

Classification of Mineral Waters. 



Groups. Classes. 

t Sodium sulphide waters. 
I. Sulphurous and sulphuretted waters X Calcium sulphide. 

i Sulphuretted and chloride waters. 

f Pure sodium chloride waters. 
II. Sodium chloride waters . . A Mlxed wdium chloride \ Sulphuretted. 

v ( Carbonated. 

III. Sodium bicarbonate waters. 

IV. Alkaline waters or calcium waters. 

V. Sodium and magnesium sulphate f Pure sulphates (bitter springs), 
waters ( Mixed Sulphates. 

VI. Ferruginous waters . . . . { CarbonauxL 

I Sulphates. 

VII. Undetermined wMem . . . J Simple mineral springs. 

< Acid gaseous springs. 

Complementary Groups. 
Arsenical waters, Iodine and bromine waters, lithia waters, nitrogenlzed waters. 

In order to gain a systematic knowledge of the properties of these 
waters, it is advisable to begin our study with those the constitution 
of which is most simple. The mixed waters, having qualities de- 
pending upon several principles, cannot be correctly understood until 
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the simpler ones have been investigated. Thus, for example, the 
study of the sulphuretted chloride waters presupposes a knowledge 
of the simple sulphuretted and simple chloride spring. 

The order in which we shall pursue our study is as follows : 

A. Waters in which the action of one principle or of a group of 
analogous principles predominates. Waters relatively simple. 

T. Sulphuretted waters (sodium or calcium sulphide). 
II. Sodium chloride waters. 
III. Sodium bicarbonate waters. 
IV. Alkaline earths or calcium waters. 
V. Sodium anil magnesium sulphate wabm 
VI. Ferruginous waters. 
VII. Undetermined {simple mineral and acid gttBBOOB water.-!. 

B. Waters the therapeutic effect of which seems to be founded on 
the presence of .several principles. 

Mixed or complex waters : 

1 Sulphuretted chloride or chloride sulphuretted waters. 

2. Chloride bicarbonate mien. 

3. Mixed sulphate waters. 

4. Complementary groups : arsenical waters, iodine and bromine 
waters, lithia, and nitrogenized waters. 

Sulphur Waters. In considering the sulphurous or sulphuretted 
waters we are at once confronted by some of the most difficult prob- 
lems of uiedii-al hydrology. 

The sulphur waters are remarkable for their complex composition, 
although in the majority the sum of mineralizing principles is very 
email. 

The chemical element which characterizes them all is sulphur. It 
is nearly always present in a form capable of producing, in -nuil! 
doses, relatively potent effects, aud is associated with other principles 
which may synergize or attenuate aud modify its lotion. 

Sulphur may exist in the form of hydrogen sulphide or as an alka- 
line sulphide (of sodium, calcium, maguesium, and potassium). Apart 
from it, sulphate of calcium, chlorides, carbonates, ami 
also present, as well as organic matter and gases; carbonic dioxide 
and nitrogen; sometimes traces are found of irou, of iodides and 
bromides. A large number of sulphur springs are hot, others are 
cold. Several authors have made this character their base of classi- 
fication, but in *]>iic of its interest the temperature appears to us a 
Actor of not sufficient importance to warrant such a division. It is 
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more rational to base the classification upon the manner or character 
under which the element sulphur presents itself. 

The most simple division, that of Du rand -Fardel, comprises only 
two great classes — the sodium sulphide and the calcium sulphide or 
sulphuretted hydrogen waters. Le Bret distinguishes five classes — 
sodium sulphide, sodium sulphide and hyposulphite, calcium sul- 
phide, hydrogen sulphide, sodium sulphide and chloride springs. 
It seems to us that, following the example of Durand-Fardel, we 
may place the hyposulphites with the sodium sulphides, and the 
hydrogen sulphides with the calcium sulphide springs. 

We have, then, the following three classes: Sodium sulphide 
springs, calcium sulphide and hydrogen sulphide spriugs, sulphur- 
etted chloride springs. These have, however, certain important 
subdivisions to be subsequently indicated. 

Sodium Sulphide. The sodium sulphide waters are those the 
principal mineral constituent of which is sodium sulphide. They 
are at the same time the most abundant, and, from the therapeutic 
standpoint, the most important waters. The majority are warm 
springs. They are found principally in France, where they are 
distributed in two geographic groups of unequal value. The first, 
by far the most important, occupies the foot of the Pyrenean chain ; 
the second is situated near to the Dauphin Alps and Savoy. A few 
are also found at other scattered points. 

Sulphur is always present in very small quantity, not exceeding 
even in those most rich in it (Luchon) 0.077 gramme per litre. The 
form under which it exists is still an obscure problem. 

Without referring here to those springs which contain hydrogen 
sulphide in the presence or absence of sodium, and which do not 
properly belong to the class under discussion, we find in the sodium 
sulphide springs proper sometimes a monosulphide (Filhol), some- 
times a disulphide (Garrigou, Duhourcau). In the majority Berthelot 
found the sulphide of an alkali, hydrogen sulphide, and free alkali 
(sodium). These dissimilar results seem to arise from a change- 
ability of many of the waters — a changeability depending upon the 
complexity of their composition. The elements found in them are 
capable, under certain conditions, of altering their original state. 
Their appearance at the surface, the fall of the pressure to which 
they were previously subjected, the disengagement of gases, the 
change in the organic constituents, all these factors produce with 
* more or less promptness chemical mutations. 
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Returning to the principal points, according to the excellent de- 
scription of Durand-Fardel, we find that the chemical ohangi 
duco the following results: They cause disengagement of hydrogen 
sulphide, which eeases only when a hyposulphite is formed ; and 
generally the alkaline sulphur waters are decomposed in giving birth 
to polysulpliur compounds, to hyposulphites, to sulphites, and sul- 
phates. Poly sulpha ration is generally a transient phenomenon, but 
it may persist, as at Bareges, and be a factor in producing special 
therapeutic properties. In some cases a small quantity of sulphur 
is set free, and, remaining iu suspension, gives to the water a peculia 
color — at time* white (Lueboii), at times blue (Ax). Iu certain 
springs the decomposition takes place rapidly, and gives rise to 
modified waters possessing special properties. 

Dnrand-Farde] believes that in practice the degree of alto 
of the sulphur water should bo taken into account rather than their 
percentage of sulphur. Besides the relative stability of the sulphur, 
the greater or less disengagement of hydrogen sulphide, polysul- 
pburation, aud the presence of sulphites should be considered. 

The quantity of sulphur is estimated by the sulphydronietric 
method of Dupasquier, 

The method depends upon the fact that when an alcoholic solution 
of iodine is added to a sulphur water containing a little starch, the 
blue color does not appear until every trace of sulphur has been 
decomposed, The blue color persists from the moment all the 
pound sulphur has disappeared (Pelouze). As one equivalent of 
iodine replaces one of sulphur, it is only necessary to use a standard 
solution. 

The hest sodium sulphide springs are all found in the Upper and 
Lower Pyrenees. They issue from primitive rocks, or from those 
at the limits of the primitive and transitional strata. Xearlv all of 
them are warm ; they all give au alkaline reaction, and contain a 
nitrogenous organic substance which appears to have some share iu 
the effects. Their odor at the source of the spring is distinctly 
sulphurous. 

The changeable waters — i.e., those containing carbonates, hypo- 
sulphites, sulphites, and alkaline sulphates — have also an alkaline 
reaction, but possess neither an odor nor a taste of sulphur. Th*J 
contain, like the others, a trace of organic matter, and are found, 
especially in the eastern Pyrenees, issuing from granitic strata of n 
They form the class of sulphuretted hyposulphite springs of Le I 
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Sulphide Waters. 



Stations. 



Bagndres-de-Luchon 
Cauterets 

Bareges 



Eaux-Bonnea 

Saint Sauveur 

Eaux-Chaudes 

Ax. 

Le Vernet 

Am61ie-les-Bains 

Moligt . 

Olette . 

LaPreste 



Cold springs : 

At Bagn&res-de-Bigorer 
Gazost .... 
Saint Bo^s . 
Marlioz .... 



Name of springs. 



Bay en, 

Grotte suplrieure, 

C6sar, 

La Railltere, 

Mauhourat. 

Tambour, 

Entree, 

Barzun, 

Source Vieille, 

Des Dames, 

Le Cldt. 

Viguerie, 

Ureule, 

Am61ie, 



Labassdre, 



Sulph- 
ide of 
sodium 



0.077 
0.031 
0.023 
0.017 
0.016 
0.040 
0.034 
0.033 
0.021 
0.021 
0.008 
0.020 
0.012 
0.025 
0.014 
0.028 
0.012 



0.032 
0.031 
0.130 
0.020 



Free 
H 2 S 



traces 
traces 



azote 



22: ^Si c NaCl. Total Temp 



cates. matter 



0.022 
0.057 
0.111 
040 
108 





0.116 



0.045 
0.035 
0.046 
0.066 



traces 



0.106 
0.031 
0.086 
0.030 
0.129 



0.048 
0.032 



0.045 



0.014 
0.007 
0.034 



0.082 
0.072 
0.071 
0.059 
0.080 
0.072 
0.050 

O.'&l 1 
0.069 
0.089 
0.035 

0.016 



0.227 
0.249 
0.260 
0.219 
0.258 
0.296 



0.571 
0.250 
0. 314 
0.2611 
0.250; 
0.273 ! 
0.158' 



0. 055 0. 145 



0.164 



0.031 


0.401 
0.242 


0.205 
0.319 


0.545 
0.479 
3.443 
0.510 



71.5° 

54.5 

48.2 

58.7 

50 

44.1 

43.9 

30.5 

32.7 

35 

36.2 

73.5 

42 

47 

87 

75 

4(M2 



12.5 
12 
12 
14 



The following is a description of the water at the springs of 
Challes: 

Temperature 9.5° 

Sulphydrometrlc test 0.217 

Nitrogen 24 c.cm. 

Sulphite of sodium 0.35900 

Bromine 0.00375 

Iodine 0.01235 

Total 1.21850 

Beside the French resorts of this class we should mention Me- 
hadia, in Hungary, which is warm ; Lostorf, Stachelberg, Heus- 
trich, in Switzerland, and Hohenstadt, in Bavaria, which are cold. 

Calcium Sulphide and Hydrogen Sulphide Springs. The 
calcium sulphide and hydrogen sulphide springs are mineralized 
by calcium sulphide or by free hydrogen sulphide. The former 
are generally cold ; the latter are either cold or warm. In addition 
to the sulphides, the waters also contain saline substances — sulphates 
and chlorides — in solution. They are less alkaline than the pre- 
ceding group. The following are the French springs of this class ; 
Aix-les- Bains and Saint Honor6, which are warm ; Enghein, Pierre- 
fonds, and Allevard, which are cold. Switzerland has Schinznach 
(warm), Lenk, and Gurnigel (cold). Trencin-Teplitz, in Hungary, 
Langenbrucken, in Baden, and Neundorf, in Prussia, should also 
be mentioned. The springs of Schinznach, in Switzerland, and of the 
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Waldquelle, at Langen bracken, are remarkably rich in free hydrogen 
sulphide. 

Calcium Sulphide and Hydrogen Sulphide Springs. 



Stations. 



Sulphide 

of 
calcium. 



Free 
HgS. 



Warm springs : 

Aix-les-Bains (sulphur) 0.003 

" •• (alum) 0.203 

Saint Honor6 . . 0.032 0.070 

Schlnznach . . 135.9 c.c. 

Trencin-Teplitz 15.0 

Cold springs : 

Enghien (du Nord) . . I 0.118 

Pierrefonds. . 0.015 0.002 

Allevard ... .1 24 cc. 75 

LaneenbrUcken, Baden ) 1A( . 

(Waldquell) . . J ! I 165 * 7 

Lenk 44.5 

Neundorf . . i 39.3 

Gurnigel .... 0.004 15.1 



Sulphate Chloride 

of | of 
sodium, i sodium. 



0.092 
0.081 

0.15* 
1.00 



0.275 
0.020 
0.298 

0.12 

1.65 
0.36 
1.30 



0.030 
0.027 
0.305 

o.n" 



0.048 
0020 
0.503 

0.01 



1.01 



Total. 



0.493 
0.446 
0.671 



0.900 
0.349 
2.235 



Tempera- 
ture. 



44° 

47 

30-33 

36 

40 



12 
10 
10.7 



13 

8 

11 

8 



Physiologic Effects of Sulphur Waters. The action of 
sulphur waters is due particularly to the hydrogen sulphide and the 
alkaline sulphides present. 

The reputation of sulphur is quite ancient ; it was called bahamum 
pectoris j and was considered to be a diaphoretic and a deobstruant 
of the portal vein, as well as a purgative and alterative. It has lost 
much of its pristine renown. 

Hydrogen sulphide, EL^S, is a poisonous gas, capable of exercising 
harmful effects, even in small doses, especially when it penetrates 
into the economy by way of the respiratory tract Claude Bernard 
has shown that when it is absorbed by other channels, or even in- 
jected into the veins, it is rapidly eliminated by the expired air, and 
is consequently tolerated in relatively large doses. 

It is a blood-poison, which, according to the studies of Hoppe- 
Seyler, Preyer, and Diakonow, reduces the haemoglobin, depriving 
the red corpuscles of their oxygen. Roth and, later, Schonlein held 
that the sulphur combines with the iron of the red corpuscles in such 
a manner as to exist in the portal blood in the form of the sulphide 
of iron. This causes an increased formation and secretion of bile. 
Stifft, at Weilbach, has observed a diminution in the volume of the 
liver as the result of the treatment. According to the last writer, the 
black color of the protective garments which the patients wear is not 
due, as commonly asserted, to sulphide of iron, but to an increase in 
the excretion of bile. 
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Leichtenstern does not believe that the quantity of hydrogen sul- 
phide absorbed by the patients from the water is sufficient to exert 
any toxic action on the blood. In the presence of oxygen, which is 
always in excess in the blood, the gas transforms itself into sul- 
phurous acid. This view has been confirmed by Beissel, of Aix- 
la-Chapelle, and by Dronck, of Schinznach, who found sulphurous 
acid in the urine. 

KaufFmann and Rosenthal attribute to the gas a toxic action on 
the blood, but think that in small doses the agent influences only 
the circulation and the respiration. Stifft is of the same opinion, 
and attributes to the hydrogen sulphide an action on the terminal 
filaments of the vagus, and, reflexly, on the centres of the circulation 
and the respiration. 

The alkaline sulphur waters possess topical properties which may 
explain the modifications that are produced on mucous membranes 
and ulcerating wounds. They irritate the intestinal mucosa, and 
may provoke diarrhoea. After their ingestion they are eliminated 
either unchanged or oxidized into alkaline sulphates, which appear 
in the urine. No special physiological effect is attributable to them. 

The action of the sulphur-baths is stimulant to the cutaneous 
nerves. They are distinguished from similar baths not containing 
sulphur by the fact that during their duration the patients inhale a 
small quantity of hydrogen sulphide gas. 

Sulphur waters, as first noted by Bordeu, have exciting or stimu- 
lant properties. Numerous observations leave no doubt of this. 
Nowhere is thermal fever so common as at sulphur springs. An- 
ginous attacks and nervous irritability are frequent accompaniments 
of the cure at such places. Bordeu has compared the action of the 
sulphur water to that of coffee. The phenomena of excitation are, 
however, transient and terminate in a state of sedation. 

Formerly it was held that the sulphur waters caused an accelera- 
tion of the pulse simultaneously with a reduction of the temperature. 
Gerdy, Lambron, and Armieux, however, have noted a slowing of 
the pulse, whilst Grimaud, at Bareges, found an elevation of tem- 
perature at the time of the crisis, from the sixth to the twelfth day. 

Cerebral activity is stimulated by the sulphur waters, even to the 
extent of causing insomnia. 

The decomposed waters and those which become milky on ex- 
posure to the air exercise from the beginning a sedative effect, which 
renders them useful in special cases. 
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The elimination of sulphur by the respiratory passages and by the 
<• kin also explains some of the applications made of sulphur waters. 

The calcium sulphide waters, being less alkaline, but richer in mineral 
principles, represent an attenuated form of sulphur waters, and are 
|mrticularly valuable in irritative forms of disease. 

The abundant escape of hydrogen sulphide from some springs 
renders possible inhalations of this gas, which has a special effect 
on the respiratory tract. At other springs the waters are employed 
principally on account of their temperature. 

It is not the plan of this work to treat in detail of the therapeutic 
and clinical applications of mineral waters. These subjects are best 
considered in chapters dealing with the treatment of the individual 
diseases. We shall, however, give a brief outline of the diseases in 
general that are amenable to the form of treatment now under dis- 
cussion. 

The multitude of articles published on mineral waters have largely 
the appearance of prospectuses, and vaunt the particular water which 
they describe as a panacea capable of curing all forms of chronic 
disease. Yet clinical experience demonstrates incontestably that in 
certain conditions one water is more useful than another. Nothing 
would be of more service to the watering-places themselves than an 
unbiased investigation into the special uses of their waters. 

Therapeutic Uses of Sulphur Waters. The sulphur 
waters are principally employed in chronic intoxications, as in 
syphilis, in rheumatism, in chronic inflammations of mucous mem- 
branes, in skin diseases, and in pulmonary tuberculosis. They 
are useful in chronic poisoning by the heavy metals, especially 
lead and mercury. The benefit derived from them has been attri- 
buted by some to an elimination of the lead in the form of a sulphur 
compound. Others, on account of the feeble mineralization of these 
waters, believe that they act rather by their general properties of 
stimulating the functions of the skin and the kidneys and by increas- 
ing internal oxidation, than by virtue of any medicinal ingredients. 

Prompter and surer effects are obtained by magnesium and sodium 
sulphate waters, which transform the lead into a sulphate in the in- 
testines and cause its elimination by the purgation which they pro- 
voke. Peyrou has studied the question experimentally and comes 
to the conclusion that sulphate of sodium is an antidote to lead and 
mercury. 

According to Astri6, mercury forms in the tissues albuminates, 
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which are rendered soluble by the alkaline sulphates. The elimi- 
nation of these compounds is favored by an active biliary secre- 
tion. 

Giintz and others have noted at Aix-la-Chapelle that in cases of 
poisoning and in syphilitics mercury appears in the urine. Since 
Frascator, in 1546, prescribed sulphur baths in syphilis, the number 
of patients suffering from this disease is growing constantly at the 
resorts in the Pyrenees, especially at Luchon. 

The sulphur waters have the property of calling forth latent 
specific lesions, especially upon the skin. Repeated hot-baths have 
an analogous action. Syphilitic manifestations of the secondary period 
are aggravated by sulphur waters, but the waters have been recom- 
mended in the tertiary syphilis, particularly by Lambron. 

The treatment has two purposes or objects : On the one hand, it 
favors the rehabilitation of the health and the disappearance of the 
cachexia. On the other, it serves as a touch-stone, so to speak, by 
revealing latent traces of disease in cases where the malady is not 
well defined. It is to be remembered, however, that the sulphur 
waters have not antisyphilitic properties. 

They frequently prove useful in cases in which it is desired to 
employ energetic mercurial medication, and for this reason it is cus- 
tomary at certain places to combine the mercurial treatment with 
the use of mineral waters. Large doses of the drug can then be 
made to pass through the system without danger of its accumula- 
tion. There is a class of syphilitic patients who are cachectic, not 
so much from the disease as from the abuse of mercury, and in these 
the use of sulphur waters is eminently beneficial. The stations best 
suited for syphilitic patients are Bagn&res-de-Luchon, Aix-les-Bains, 
and Barfcges. The last is preferable in cases in which there is a 
scrofulous taint. 

These waters are also useful in chronic rheumatism, in atonic gout, 
in paralyses and other affections of the nervous system ; but the 
question arises, Are the effects due to the hot-baths or the entrance 
of the sulphur into the system ? 

It is the fixed and deep forms of chronic rheumatism, those ac- 
companied by a general impairment of health, that are especially 
influenced by stimulant waters and by energetic balneotherapy and 
hydrotherapy. The resorts recommended are Bar&ges, Luchon, 
Cauterets, and Aix-les-Bains. Fungous forms of arthritis do best 
at the first-named place. At Aix-les-Bains massage under a tepid 
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douche is practised, and proves valuable in many forms of chronic 
rheumatism and the slower varieties of gout. 

Of skin disease the moist varieties, as weeping eczema, impetigo, 
and certain types of acne, are almost the only forms treated with 
sulphur waters. The influence of the latter appears in these cases to 
be quite complex. To the topical effect is added that of the elimina- 
tion of sulphur by the skin, as well as the modification of the general 
health which the treatment is capable of bringing about. 

In some instances, as held by Amsler, of Schinznach, it is not im- 
possible that the sulphur exercises a parasiticide action. In the 
choice of a spring the period of evolution of the disease should be 
the guide. When the disease has a tendency to become acute the 
weaker sulphurous or the calcium sulphide waters should be selected, 
as Saint Gervais, Saint Honore, Allevard, Enghien, and Moligt. 
Chronic and obstinate diseases are best treated by stimulating waters, 
as those of Luchon, Cauterets, and Bareges. 

Sulphur waters are of special value in dealing with chronic inflam- 
mations of the mucous membranes of the nose, pharynx, larynx, 
trachea, and bronchi. 

Under special conditions the sulphur waters produce a twofold 
action : the one local, topical ; the other general. The development 
of this combined effect is favored by inhalations and spraying, which 
secure the passage of the medicinal agent directly to the diseased 
parts. 

Patients suffering from chronic pharyngitis and laryngitis are 
sent to Cauterets, Eaux-Bonnes, Pierrefonds, or Enghien. Those 
with chronic bronchitis to Allevard, Eaux-Bonnes, Cauterets, Saint 
HonorS, Marlioz, Pierrefonds, Enghien, or Schinznach. Certain 
forms of gastritis and chronic enteritis are also benefited by sulphur 
waters, particularly those of Mahourat (Cauterets), of the Hontalade 
spring at Saint Sauveur, of Saint Honore, and Saint Gervais. 
Uterine catarrhs are successfully treated at Saint Sauveur, Eaux- 
Chaudes, Enghien, and Saint HonorS, while vesical catarrh is im- 
proved by the waters of Olette and la Preste, and also those of 
Enghien. 

The discovery of the tubercle bacillus attracted attention to the 
possible value of the inhalation treatment as a means of acting di- 
rectly upon the diseased foci. Physicians at sulphur springs strongly 
urged the use of hydrogen sulphide as an anti-bacillary agent, but 
the expectations which their writings aroused were not fulfilled. 
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The sulphur treatment may be of some value in tuberculosis, but its 
application is quite difficult. 

Phthisical patients, especially those presenting the slow, inactive 
form of the disease, are sent to Eaux-Bonnes. As haemoptysis some- 
times develops during the treatment at Eaux-Bonnes, "the cure" 
should not be prescribed for irritative types of the disease nor in 
cases subject to haemoptysis. Cauterets, Allevard, and Schinznach 
are recommended in the slow form of phthisis, in which the lesions 
are limited in extent. Am6lie-les-Bains, le Vernet, and Greoulx 
should also be mentioned in this connection. 

The sulphur waters are very useful in scrofulous conditions. At 
Bareges good results have also been achieved in the articular and 
osseous forms of tuberculosis. This is also true of the springs at 
Eaux-Chaudes, Challes, and Schinznach. 

Fiually, the sulphur waters also have a favorable influence upon 
indolent varicose ulcers, fistulous tracts, old traumatic lesions, such 
as luxations, fractures, and gunshot-wounds. Bareges is the station 
of choice for these conditions. 

Saline Waters. Various authors have grouped the saline 
springs in one class. These waters undoubtedly present a certain 
number of common characteristics. They are quite strongly miner- 
alized, and contain a sodium salt which is not decomposed in the 
economy, and the elimination of which is carried out by several 
emunctories, chiefly by the kidneys. (Liebig, Wohler, Dumas.) 

By reason of their saline constitution, these waters in their passage 
through the digestive tract provoke a number of phenomena that 
may be attributed, in a large measure, to a modification of osmotic 
conditions. The authors in question are agreed that this great group 
of saline waters may be subdivided into two classes — the chlorides 
and the sulphates. We shall follow the example of Durand-Fardel, 
who makes the sodium-chloride waters a large family, which appears 
to us natural. 

Sodium Chloride Spring's. The sodium chlorides come from 
the secondary strata which enclose deposits of rock-salt, of gypsum, 
and of variegated sandstone. When they are charged with carbonic 
dioxide they are generally derived from more or less recent volcanic 
strata, viz., the basalt and lava rocks. 

The temperature of these waters differs. The cold springs are 
richer than the warm in carbonic dioxide. Their composition pre- 
sents a large number of variations, which it is impossible to group 

11 
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under one head, but they are all characterized by the predominance 
of sodium chloride. The other principles which are present are the 
sulphates, carbonates, sometimes sulphides, iodides, bromides, and 
iron. Of gases wo find frequently a considerable quantity of car- 
bonic dioxide and a small proportion of hydrogen sulphide or of 
nitrogen. lu certain countries, notably in Germany, the action of the 
bath is re-enforced by the addition of mother- liquids which remain 
after the evaporation of the saline waters in the preparation of salt 
for commerce. These residues contain a considerable quant it v tit 
soluble principles from which sodium chloride separates itself in 
crystallizing. The sodium chloride waters are very numerous and 
of a variable constitution. Durand- Fardel has established and de- 
scril>cd the following classes, the ehloro-snlpbides, the chioro-biear- 
bonutcs, and the chloro-sulphates. 

The division which we shall adopt is as follows : 
< l:i>s 1, the pure chloride of sodium waters ; class 2, the mixed 
sodium chloride, comprising the ehloro-sulpbides and the chloro- 
bi carbonates. 

The pure chlorides, the only ones with which we shall at pi 
deal, are either cold or warm ; generally clear, transparent, of a salty 
taste, and produce upon the palate a sensation of heat. Those that 
are charged with carbonic dioxide have a very agreeable taste and are 
preferable for internal use. The proportion of sodium chloride 
which they contain is very variable; it oscillates between 1 and 25 
per cent. ; some of the richer oues are concentrated before use by 
evaporation. Le Bret divides them into the gaseous and the non- 
gaseous chlorides. This is of some importance, but the medicinal 
properties of the waters seem to us to be controlled by their relative 
richness in sodium chloride. We believe it is best to distinguish the 
weak and strong sodium chloride waters (Sooteu of the Germans). 
The first — that is, the weak — are employed chiefly internally; the 
others externally. In Germany it is customary to consider those 
waters as weak that contain less than 10 part- of sodium chloride in 
a 1000; as strong, those containing more than 15 parts in a 1000. 
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Feeble Chloride of Sodium Waters (1 to 1000). 



Stations. 



CO* 



NaCl. 



Total. 



Bourbon-1' Archambault 
Bourbonne-les- Bains 
Balaruc 
Lamotte 
Bourbon-Lancy . 
Creuznach (Elisenquelle) 
Baden-Baden (Hauptquelle) 
Niederbronn, Alsace 
Soden, Nassau (Warmbrun) 
Kisslngen (Rakoczy) 
Wiesbaden, Nassau (Faulbrunn) 

(Kochbrunn) 
Homburg (Elisabethenbrann) 
Pyrmoni (Salzquelle) 
Kronthal 



c.c. 



Temp. 



1015 
1305 

"260 
1039 
734 
1258 



2.40 


4.35 


5.80 


7.60 


6.80 


9.10 


3.80 


7.40 


1.80 


1.80 


9.40 


11.70 


2.10 


2.80 


3.00 


4.60 


3.40 


4.70 


5.80 


8.50 


8.40 


4.30 


6.80 


8.20 


9.80 


13.20 


7.00 


10.70 


3.30 


4.50 



52° C. 

58 

48 

59 

46-56 

68 

23 

13 

68 



Strong Chloride of Sodium Waters (more than 1 to 1000). 



Stations. 



j 00,. 



NaCL 



Total. 



Temp. 



Salies-de B^aru 
Sal ins (Jura) 
Salins-Moutiers 
Kheiufelden (Argovie) , 
Bex (Vaud) 
Salzungen. Prussia . 
Fran ken hausen. Prussia 
Hall. Austria, Tyrol . 
Ischl, Austria . 



12.48 



Gaseous. , 

Naubeim ( Tail n us) (Kurbrunnen) . i 

Soden (Taunus) (Soolsprudel . . . . 
Naubeim (Hesse) ( Fried rich-Wilhem-Sprudel) 
Rehrae-Oeyn hausen (Prussia) ... 



756 

578 
753 



245.000 




15° C 


22.740 




10.5 


11. 317 . 




88 


311.630 ' 


318.8 


10 


156. 660 1 


170. 2 


15 


256.600 


265.0 


12 


249. «00 ' 


259.3 


18 


255. 500 


263.9 


12 


236. 100 


245.4 


15 



15.400 
14.500 
29.300 
24.850 



18.7 
16.8 
37.1 



21 
30.5 
35 
27-31 



It is important to distinguish among the saline waters the warm and 
the cold, the gaseous and the non-gaseous. Yet it is difficult to 
classify the various springs according to these distinctions ; for we 
frequently find in the same place cold springs and warm springs, gas- 
ous and non-gaseous waters. The presence of iodides and bromides in 
these waters should also be taken into consideration. It is especially 
the mother-liquors which are added to the baths that contain these 
principles in largest proportion. 

Among the sodium chloride and iodide waters we shall cite Kreuz- 
nach, in Prussia (0.08 of iodide of magnesium); Hall, in Austria 
(0.058 of iodide of magnesium) ; Wildegg, in Switzerland (0.027 
iodide of sodium); Heilbrun, in Bavaria (4.95 sodium chloride, 
0.028 sodium iodide, 0.41 sodium bromide). The mother-liquors 
contain chloride of sodium and calcium, rarely of maguesium. When 
they are obtained from iodide and bromide waters they are naturally 
rich in compounds of iodine and bromine. 
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The principal bromine waters lire: Sii lies-do Beam, 1.050 bran 
of ]Htta*siitm ; Oeu/naeh, O.liy.j bromide of magnesium ; Bonrbo 
lee-Bains, 0.005 bromide of sodium; Balarnc, 0.032 bromlch i 
magnesium; Saline, 0.031 bromide of magnesium ; Wild 
bromide of sodium ; Ileilbnmn, 0.410 bromide of sodiui 

'I'll.' motlier-liquors of Hall contain nearly a lOOu % 
saline matters, of which 945 are sodium chloride, 2 tuagnisi 
and 3.1! magnesium bromide. 

Those of Kini/nai'li contain 256.8 grau s of - 

0.077 of potassium iodide, (1.814 of potassium bromide. 

Therapeutic Effects of Sause Waters. Tl 
tlie chloride waters taken in the form of ■ beverage ire similar b 
those of sodium chloride. Let us dwell for a moment upon 1 
chief properties of this body, and first of all upon the part which it 
plays iu the formation of the juices and protoplasm of the body. 
We take into our system on an a verge 20 grammes per da 
grammes of which are again found in a litre of urine. During the 
treatment at salt springs the consumption rises to 35 grammes in the 
24 hours. What effect does (his quantity produce? The i agn at io n 
upon an empty stomach of moderate amounts of salines, especially 
when this water is rich in carbonic dioxide, develop? in the mouth 
an agreeable sensation of freshness or warmth, while at the aw 
time the salivary secretion is stimulated. In the stomach saline sola- 
tions produce unquestionably powerful effects. Moderate doses ex- 
cite the secretion of the gastric juice, augment the total acidity, and 
further the formation of pepc»oc*. For these reasons they are 
capable under certain conditions of improving the digestion. But 
when the stomach is diseased or irritable they are apt to lead b> arid 
hyperpepsia (hypcrpepsia chlorbydrique). The internal use of these 
waters, then, should always be regulated by the stale of the gastric 
mucous membrane. It has been asserted that sodium chloride sriav 
ulates the movements of tbc stomach. This may be possible hi tht 
physiological state, although it has not been fully demonstrated. la 
rases of hyperpepsia the use of salt has for its commonest eftrt a 
retardation of the evacuation of tbe stomach, sad therefore aggra- 
vates the dilatation, which is the ranaeqaeooe of sod 
When largedases of salt-water are employed tbe i 
passes into the intestines in snhVwnt quantity to set up a p 
action, both by virtue of aa increased peristalsis and of carnages a 
tbe intestinal otasoais. It is very probable that the e 
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are not the same when the dose of salt is represented by a large 
quantity of a feebly salt solution as when a relatively small amount 
of a concentrated solution is ingested. The strong solution exercises 
a more powerful influence upon the phenomena of osmosis. The 
purgative effect produced by the use of mineral waters is sometimes 
facilitated by the presence of a small quantity of sodium sulphate 
or magnesium sulphate. The sodium chloride stimulates not only 
the secretions of the digestive tract proper, but also those of the liver 
aud the pancreas. 

This whole question of the influence of saline solutions upon the 
functions of the gastro-intestinal tract and its tributary organs de- 
serves to be studied diligently by the aid of moderu methods of 
analysis. The researches of Barral, Kaupp, Voit, and Feder have 
established that salt is eliminated principally by the urine, and that 
this elimination to be complete requires several days. It is accom- 
plished by an alkalinization of the urine (Salkowski). By facili- 
tating the diffusion of fluids, the salines, when in excess, lead indi- 
rectly to an increased disassirailation of albuminoids. 

Bischoff, Voit, Kaupp, and others attribute to sodium chloride the 
ability to increase the nitrogenous excretion ; and according to Dehn 
potassium chloride has a similar action. 

The small amounts of iodide and bromide contained in some of 
the waters do not seem to exert any physiological action. 

The Effects of the Baths in Saline Waters. The external pro- 
cedures, particularly the baths, play a very important role in the 
therapeutic use of sodium chloride. The baths generally con- 
tain from 2 to 3 per cent, of sodium chloride, i.e., approximately, 
12 to 18 pounds of salt to 300 litres of water. Sometimes the 
quantity of salt is 8 to 10 per cent.; in other cases only 1.5 per 
cent. 

The saline baths give rise to phenomena of stimulation, such as 
are produced by baths of mineral water in general. The skin at 
first became pale, then red, and after several hours reassumes its 
normal color. The bath, therefore, influences the distribution of the 
blood and undoubtedly provokes reflex phenomena that may have a 
certain therapeutic value. The most important physiological effects 
are those bearing upon nutrition. Rohrig, Zuntz, and Paalzow have 
studied the question from the standpoint of the respiratory varia- 
tions. They have found that a bath containing 3 per cent, of salt 
increases the absorption of oxygen and the exhalation of carbonic 
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dioxid*-, the increase Using 15.3 per cent, in the case of the ronoer: 
25 |kt cent, in that of the latter. These phenomena are not ohserved 
with bath* of *oft water, and are prevented in experiments on animals 
by cuntrizntion. JVneke has also observed an increase in the excre- 
tion of nitrogen. The study of this question has recently bten 
rpHiifiiul by several experimenters, especially by Keller and Ganly. 
Keller, of Itheinfelden, has compared the effects of the simple bath 
with thow in water containing 3 per cent, of sodium chloride. The 
rehiiltn which he ha* obtained may be tabulated, as follows: 

HALT-BATHS. sTXFLE BATHS. 

fjmmtily of uriiM' . Increased. Diminished. 

<Jlilorifli'H Increased. Diminished. 

Plio»plmt<» .... Increased. Diminished. 

Nitrogen Diminished. Increased. 

Sulphuric sicrifl .... Increased. Increased 

lto«ly-wri^!it .... Diminished. Increased. 

The Hiiliue ImtliH, contrary to that which was formerly believed, 
diminished, according to Keller's table, the excretion of nitrogen, 
while (he Mimple baths slightly increased it. The salt-baths aug- 
ment the non-nitrogenous excretion. Gauly, in his experiments, in 
which he followed the method of Robin, arrived at different con- 
cliiHioiiri ; but he made use of water richer in salt. The waters were 
of the following strength : 6 per cent., 12 per cent., and 25 percent, 
of nalt. These are the principal results he obtained. The bath of 
<i per cent, salt water produced a diminution in the quantity of urine 
and in the organic components, uric acid and nitrogenous extractives. 
It Imd no influence upon the total solids and upon incompletely 
oxidized nitrogen. It increased the inorganic substances, the total 
nitrogen, tin' urea, the coefficient of nitrogen oxidation, the chlorides, 
phosphoric acid, and the ratio of phosphoric acid to the total nitro- 
gen. The bath in 1- per cent, salt solution augmented all the 
elements of the urine, but diminished the ratio of phosphoric acid 
to the total nitrogen Finally, the 2o jhm* cent, bath caused a dimi- 
nution in tin* incompletely oxidized nitrogen, in the nitrogenous ex- 
tractives, in the uric acid, and in the ratio of phosphoric acid to the 
total nitrogen. It increased the other elements. After the cessation 
of tin' bath, the incompletely oxidized nitrogen and the nitrogenous 
extractive matters, as well as the ratio of the phosphoric acid to the 
total nitrogen, remained below normal, while the increase in the other 
elements Uvame more marked. These experiments establish the fact 
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that the effects of the baths vary markedly with the relative richness 
of the water in salt ; but they do not invalidate the conclusions of 
Keller. Moreover, in spite of the care taken by the author, they are 
not conclusive. 

In some instances from 1 to 20 litres of mother-liquor are added 
to the bath- water. The effects of this method are not fully deter- 
mined. The same is true of the physiological action of such douches. 

We may conclude from the facts here stated that the sodium 
chloride treatment is stimulative and recuperative. By increasing 
the combustion of the non-nitrogenous elements it facilitates the 
removal of an excess of fat. It produces also a general tonic action, 
increases the appetite, and improves digestion ; it favors the recon- 
struction of nitrogenous tissue, although there are recorded results 
which point to a decreased assimilation. 

Sea-water. The sea is in some respects an immense reservoir 
of mineral water. It is the natural type of the sodium chloride 
waters. Its chemical composition is very complex, for it contains 
no less than 30 elements; but of these sodium chloride represents 
three-fourths by weight. Its richness in salt depends upon the lati- 
tude. It diminishes in a fairly regular proportion toward the north, 
as the following table will indicate: 

SODIUM CHLORIDE IN A THOUSAND PART8. 

Red Sea 42 

Mediterranean 40 

Atlantic Ocean 38 

Channel 36 

North Sea 33 

The Sound and Cattegat .16 

The Western Baltic . . 8 

The Eastern Baltic 4.33 

The Bay of Kronstadt 0.61 

Along the coasts the proportion of salt varies according to the 
absence or proximity of water-courses. The other saline elements 
differ markedly in different bodies of water. The most important 
among them is the sulphate of magnesium. More of this salt is 
found in the Mediterranean than in the Channel. Sea-water con- 
tains, in addition, a peculiar fatty organic substance, designated mu- 
cosin, and variable amounts of gas. The density of sea-water is 
from 1025 to 1082; this increases from the poles to the equator. 
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The mean temperature of sea-water during the summer, from the 
21m -.f June to the 22il of September, is noted in the following 

lnhk: 

In Dm Mediterranean 72*- 

In the Atlantic Ocean ~i " 74 

In the North Sea 62 " «4 

in Mi- Baltic ■■■ 

In the Mediterranean the temperature suitable for bathing i 
reached in .linn' and perauts until November. 

In the treatment of diseases by sea-baths three principal factors 
an involved — the air, the water, aud the beach. The water is e 
ployed, al i" the case of other mineral waters, in the form of bever- 
age, bath, mill douche. The internal use of sea-water dates back ti 
miliijiiity, for Pliny gives a prescription for sea-water. 

The systematic therapeutic employment of sea-water is sometime* 
ittribvttd tn EUeJuud Russell (1750). 

From the numerous treatises on the subject we may infer that sea- 
walcr 1h'Ioiik« in the class of strong chloride waters. 

in the dost 1 of two or three glasses it has in the adult a purgative 
effect In order to complete the marine cure some physicians are in 
tin' habit of letting their patients drink a small quantity of sea- 
wiUi'r ; but the use of this water under such conditions is in do wise 
comparable ti* that of the sodium chloride mineral waters, as gener- 
ally used. 

The experiments , ( f Lisle with bread made with sea-water have 
in it bean followed up. 

Erieiimt TYwtmenl trith Sea Water. The external treatment U 
most important It comprises the baths in cold sea-water given in 
establishments, moderate hydrotherapy, aud, finally, the s 
Dtiriug the treatment the patients are subjected to the action of tl 
sea-air, which exercises an appreciable influence Upon the org 
an influence which has in a measure been reproduced at those resorts 
where the patients respire in a salt-laden atmosphere. 

The factors of which it is necessary to take account in considering 
" God's vast pood," to employ an expression of Michalex, are oV 
density, the pressure, and the chemical composition of the water aad 
the tuechankml action of the waves. The physiological effect* pro- 
duced are very analogous to those determined by cold baths, ban are 
They are difficult to analyze, because the a 
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when in the bath, respire the sea air and sometimes also swallow a 
little sea-water. The sea-baths should l>e taken at least three hours 
after meals. It is best to choose the period of high tide; the bead) 
is then warm and the waves are strong. In the resorts of the North 
the water and the air are never too warm, but they may become too 
cold. The patient should enter the water rapidly and practise ener- 
getic movements while in (he bath, and it is preferable to seek the 
waves. The first feeling is one of slight chilliness, winch sunn 
vanishes ; but sometimes a second chill is experienced about five or 
ten minutes after entering the bath. It should be avoided, if pos- 
sible, and is the sign for leaving the water. After the bath the 
patient should take light exercise on the beach. Those who ate sub- 
ject to headache after the bath can prevent it by taking a hot pedilu- 
vium on leaving the water. Only one hath should be taken in the 
day; and after a series of fifteen or twenty an intermission of a few 
days is advisable. Forty to fifty baths comprise the season. The 
cold sea-baths are not well borue by feeble and aniemic individuals. 
It is best to have recourse in such cases to bathing in a bath-room, 
the sea-water being healed. This is a method which imitates the 
baths taken at the watering-places. At some resorts it is customary 
to make use of the douche, the effects of which have been especially 
studied by Lemarchaod. The simple cold douche, or the Scotch 
douche may be used, too; rarely the tepid douche. (See Thermic 
Agents.) The duration should be less than that of the douche with 
ordinary water. 

Sand-baths. At certain places it is customary to give sand-baths. 
For this purpose a trench is dug on the beach and then, after the sun 
has heated the sand, the child (for it is in children that these baths 
are particularly useful) is placed in it and protected by a tent of white 
flannel. The duration of the sand-bath is from twenty minutes to a 
half-hour. In Southern resorts it may be prolonged up to an hour. 

Seaside Resorts. We have cited the winter maritime stations 
which are frequented for climatic treatment. There remain yet to be 
mentioned the principal summer resorts which are suitable for the mari- 
time treatment. There is a large number of winter statious that are well 
■dapted] and the treatment can there- Ik? prolonged until the autumn. 
The watering-places of the northern European coast can be passed 
over in silence ; they are of little interest. We shall merely name 
a few, such as Scheveningeu, in Holland ; Osteud, in Belgium ; the 
resorts of Great Britain, such as Dundee, Lcith, Dunbar, in Scot- 
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land ; Newcastle, Whitby, Hull, and Yarmouth, on the eastern and 
southern lmnk of the Thames; Ramsgate, Folkstone, Hastings, 
Brighton, the Isleof Wight, Weymouth, Dartmouth, and Plymouth, 
on the western eoast ; Bristol, Cardiff, the suburbs of Liverpool, the 
banks of the Clyde; and in Irelaud, Belfast, Dublin, and Cork. To 
those resorts should bo added those we have named when speaking 
of elimatie stations of Groat Britaiu. The resorts of northern France, 
while possessing the same advantages as those of the coast of England, 
are loss warm and the temperature is less equable. They are, how- 
ever, popular among the Parisians, who prefer them on account 
of their freshness and proximity to Paris. We should meution 
IVrvk-sur-Mer, an interesting place by reason of the hospital which 
revives the little children coming from the hospitals of Paris, 
Boulogne, T report, Dieppe. Trouville, Deauville, St. Malo, and other 
resorts. On the western coast we find Le Croisic and Pornic. In the 
Ivay of liironde, Rovan aud Arcachon. Toward the south, are 
Ivavonno, Biarritz, and Saint Jean do Luz. The principal resorts of 
the South which lave not yet been mentioned are Marseilles, Frejus, 
Porto Mauri.-:o, l\\ro!it.\ iKnoa, Sestri-Levante, Pegli, Spezzia, 
Yiarv^io, l.tvounu. Ixvca d'Arno, Civita Yecchia. Naples, and 
v\is:< "a-are On :he Adr : a:L- Coast we find Ortona, Pesaro, Fano, 
>:nc^rii:/:i. h::v.:r.\ \ e::\\\ *:o. 

fur r«vnvrr.::; Vsr? ^r Sopicm Chloride Waters. 
V'.v >v- ■.:-. v..; v r. : .- *■*::■:> ;irt ::^:ul in the treatment of scrofula 
a:*.; .a.;. :.:a:\.;.>>.;:: .-. r:* : v. :\ r:::s of digestive disturbances, in 
,.v,.^ x > ,. : ^":>:;rr«:v r.pu:>. and :a the paralytic affections 

v«- ... ■*. \ ^ <>-:. \ v ; r:r.i; r::-;'.;r.ia::>pj. etc- Their best use 
> .. s v mi ... :;-.; r ..^ aTV remarkable in children 

.v,\* .^v ^ : v>x^- -.— * yc\*v>iv«>;:ioa. inherited or acquired, 

v "■ vv Y*: .:v'. <■ . : - :„-..-- v:s£Ke manifestations, those 
" * * ' : N x ' - -.:" * .-, :.\*: ir\ T3.i*t radilv influenced. 

1 * • •• v ^ % * > r* . •; : :v.:<rcc t?ss are more nesi^taot; 

x «^ - : r«: c s^>d ixvasionallv cure a 

v . \.v- . .-. :.->•• ■-.- :i,*: in the* case? the «r- 

" ' " '* '*■"• *".*..■: :>.*:*. ::*: internal. Fortius 

N — .. v , v ^ . - : :1>- fcrooz s^iioni chloride 

xx % v v ■ ':*': it"r>:*:C.\pc ifeitures are i!twd. 

\ ;"'*■' x - * ^ i^' ;:::::«*i.p»n?ccliriywheii 

1 ' ^ * -v. . ,^ ... : ^. r — ^u-ial* are esperiallj' *P~ 
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The treatment is very valuable in the severe forms of scrofula, 
when fever and the acute symptoms have subsided. Life in the opeu 
air and inhalation of the sea-air are important adjuncts to the treat- 
ment. The treatment is efficacious only when sufficiently prolonged. 

Where we have to deal with tuberculosis of the bones and of the 
articulations, the patient should remain permanently on the sea- 
coast, or at least until the treatment has given such results as we 
expect. 

The benefits which have been obtained from the treatment at Berck, 
:mr! which have Ireen published in the report of Bergeron, are really 
remarkable. During a period when the patients were not selected, 
280 out of 380 cases were cured ; that is, 74 per cent Since that 
time C'azin and Perrochaud have shown that even in suppurative 
co.\;ilgia good results may be achieved at Berck, although this station 
is far from having the most advantageous conditions. The climate 
is cold, the place is very sandy, and the atmosphere dusty. 

The Italians have established along the coast of their country a 
nmulxu' of hospitals, which have rendered great service. 

The watering-places ltest adapted to the treatment of scrofula are: in 
France, Salins, in the Jura; Salies, near Moutiers; Sal ies-de- Beam 
(Basses- Pyrenees), Bourboune, Balaruc, Lamotte-les-Bains; in Ger- 
many Kreutznach, Manlieim, aud Rlieinfeldeu, and Bex-I^avey in 
Switzerland, and Isold in Austria. At Salies the waters contains 
27 grammes of sodium chloride per litre; sometimes a small pro- 
portion of the mother- liquor is also added to the water. Both the 
external and the internal treatment are employed at Salies, and good 
resultsare obtained in all the manifestations of scrofula. The waters 
of Slliea are particularly useful in the osseous forms of tuberculosis. 
An establishment exists at Biarritz for the use of sodium chloride 
waters. The other resorts are appropriate only for the superficial 
and ghmdular forms of tuberculosis. 

In diseases of the digestive tract the sodium chloride waters are 
employed, especially in the form of beverages. On this account the 
waters easy of absorption are always chosen— that is, those coBtUD- 
ing a small or moderate amount of the salt. The particular affections 
of the digestive tract amenable to the treatment have not been fully 
determined. They arc those commonly classed as atonic forms of 
dyspepsia, both gastric and) gastro-intestinaL But this is a vague 
term. Among the diseases of the stomach the subacute catarrhal 
gastritis and the chronic gastritis, with more or less advanced gland- 
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ular torpidity, especially when accompanied by constipation, are di 
tinetly benefited by the treatment. Of the affections of the large 
intestiue, constipation, iiud particularly the condition known 
"abdominal plethora," are improved by the sodium ehloride watei 
But it is important in constipated persons, whether obese or not. 
take into account the state of the stomach before prescribing saline 
waters. Hyperpeptie gastritis should always be considered a contra- 
indication to their employment. The principal resorts suitable for 
the treatment of gastro-intestinal maladies are Kissengen in Bavaria, 
Niederbronn in Alsace, and Bourbon 1'Archambault. The K 
gen waters contain from 2 to 5 grammes of salt. Tbcy are 
quite rich in gases and are somewhat ferruginous. The patieni 
frequenting Kissengen are subjected to a rigid dietetic regimen f< 
the treatment of obesity. The waters of Niederbronn, where 
reducing treatment is also in vogue, contain 3 grammes of sodium 
chloride per litre. They are well borne, and the dose can be pro- 
gressively increased until 8 or 10 glasses are taken in the day. The 
water is particularly useful in chronic constipation. At Bourbon 
I'Archanibault, the waters of which contain 2.2 grammes of sodim 
chloride per litre, good results are obtained in gastro-intestinal aton; 
The sodium chloride waters are also beneficial in some of the di: 
of the female sex, especially in the uterine catarrhs of scrofuloi 
persons. They have also been employed in metritis and endome- 
tritis when acute exacerbations are no longer to be feared. They are 
contra indicated by the existence of an irritability of the nervous 
system and the presence of pain. Kreuznach, Salies-de-B6arn, and 
Bourbon 1'Archambault are the preferable resorts. In some instant 
it is advisable to resort to warm sea-baths in bath-rooms, or even 
cold sea-bathing. 

Krenznach and Salies have a favorable, but as yet unexplaini 
influence upon uterine fibromata, whether accompanied by metroi 
rhagia or not. A number of instances of the expulsion and of 
atrophy of such tumors arc recorded. In any case the hemorrhaj 
are either entirely arrested or distinctly lessened. 

Several of the sodium ehloride waters enjoy a great reputatiou in the 
treatment of paralysis, especially those forms which have their origin 
in a cerebral apoplexy. Some writers have claimed that they are 
useful soon after the onset of paralysis, but undoubtedly they have 
mistaken the spontaneous amelioration for a therapeutic effect. When 
their use is postponed, as it should be, until the period of cicatrira- 
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tion, the waters probably act by producing a derivative influence 
upon the digestive tract by reason of their laxative effects, and also 
by a reflex action, of which the cutaneous stimulation is the point ot 
importance. The patients at these stations are subjected both to the 
internal and external treatment, sometimes to the latter alone. At 
Bala rue the douche plays an important part. Bourbon PArcham- 
bault, Bourbonne, and Wiesbaden are useful in this class of cases. 
Some of the so-called functional paralyses, which are probably due 
to peripheral neuritis, have been treated successfully at Wiesbaden. 

All the various manifestations of chronic rheumatism are amenable 
to the treatment by saline waters. Bourbon l'Archambault, Bour- 
bonne, Wiesbaden, Lamotte, and Salies can be recommended in these 
affections. Other indications for the use of sodium chloride waters 
are traumatic lesions, such as fractures and malarial intoxication. 

Bourbonne, it appears, hastens the consolidation of fractures. 

The contraindications of sodium chloride have not been definitely 
established. Chlorosis, the scorbutic affections, and organic diseases 
of the heart and great vessels, and pulmonary tuberculosis are those 
generally named. The action of these waters in chlorosis depends 
naturally upon the condition giving rise to this disease. In true 
chlorosis, in which the existence of hyperpepsia is frequent, the 
employment of these waters, especially for internal use, is contra- 
indicated. To prove that these waters are useful in scorbutus, 
we have the interesting fact that after the Crimean campaign a large 
number of the patients suffering from this disease were cured at 
Balaruc. It seems very probable, however, that the old practitioners 
designated by the term scorbutic affections different forms of purpura, 
a condition which contraindicates the employment of sodium chloride 
waters. According to Rotureau, the sodium chloride waters pro- 
voke haemoptysis, accelerate the breaking-down of tuberculous gran- 
ulations, and impress upon the disease a more rapid course. It 
will subsequently be shown that tuberculous patients bear well 
certain mixed chloride waters. 

Bicarbonate of Soda Waters. Sodium bicarbonate produces 
such marked and peculiar effects upon the digestive tract and upon 
general nutrition that the waters which contain it in sufficient propor- 
tion to produce medicinal effects should be considered separately and 
placed in a distinct group by themselves. These waters are saturated 
with carbonic dioxide, and for this reason are termed by some writers 
alkaline gaseous waters. They are either cold or warm, and their 
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ci.'-rui'-dl eofapoaftioo is commonly VOJ complex, 
carbonate other mrbouates are found, such as the 
al*o tyxliiira sulpltate, sodium chloride, sodii 
■flHOto. France possesses the roost noted rteuris that 
group. Tin- bicarbonate watera are divided into the 
weak. The moat important riC ilii' French rcsorteof this 
italtad [a the central part of France, in a district 



I bicarbonate of sodium springs. Most renowned among the 
wai.m an the Hdpital, Grand-Grille, and Celestios, at Vichy; the 
Marqnlae, al Vain; the Souveraine and Clementine, ai lje Boulwi; 
ili> Paulina, nt VhU; Andabre; while La Cbapelle (ChSteaoneiif) 

I" I'm.:' !■' I In- ivi-nl,.'!' -|.iiu--, Kohitsch (Ignutzbrunnen), in 3 
Itilin, iii Bohemia; and Pasaug (Ulricusquelle), in Switzerland, be- 
long to the atrong waters. Fachingen and Apollinaris, in Prussia; 
Oberaalabruno, En Silesia; and Soulzmatt, in Alsace, are weaker. 

3 i « Bicarbonate Waters. 
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t U of these waters contain iron, particularly those or Mesi lames, 
Lardy, and EUitterivc. Besides Vichy, Cnsaet is noted for its cold 
and eapooially for its ferruginous waters, which have a variable rich- 
iii-w of sodium bicarbonate, ranging from 2.35 grammes to 5,2 
gramme*. A large number of the waters of the district rjj 
*"> ««d only f Qf exportation. Some of these are even richer in 
sodium bicarbonate than that of Vicbv itself, as, for rattan 
w the Veeae, which i 
which contains 



li contains b" grammes, and that of Saint Yorre, 

■ ! -i-.iiiimc-, \" L1 ]- [.. ■,]*,, ||„. pentreof a rejrion 
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having an abundance of waters of this kind, which emerge here 
from granitic strata. The waters of Vals have a more varied com- 
position than those of Vichy. They, indeed, form a sort of scale 
of mineralization. They are almost too variable and too numerous. 
Exploited by zealous proprietors, they do not present that fixity of 
constitution and of name, without which scientific study is impossi- 
ble. While some of the springs contain as much as 9 grammes of 
bicarbonate, others are almost entirely gaseous. La Dominique is 
distinguished from all others. In it Henry found, in 1859, 1.3 
grammes of free sulphuric acid. No analysis has been made since 
his time. 

The weaker French waters are almost solely used for exportation. 
Among them may be mentioned Sail-sous-Couzan (Loire), Saint Ro- 
main-le-Puy (Loire), Marcols (Ard&che), Neyrax (Ardkche), and 
Saint Sauveur de Montagu t (Ardfcche). 

Physiologic Effects of Sodium Bicarbonate Waters. 
The sodium bicarbonate waters constitute a powerful medicament, 
the effects of which may be not only profound but also remarkably 
lasting. The bicarbonate of sodium certainly plays an important 
rSle in this connection. But there exists a very appreciable difference 
between the action of sodium bicarbonate taken in the pure state and 
that of the stronger bicarbonate waters, a difference which cannot be 
clearly explained. A similar difference is exemplified by other min- 
eral waters. We believe that the greater efficacy of sodium bicar- 
bonate waters, notably of those of Vichy, when taken at their source, 
depends on the one hand upon the complex composition of the waters 
which facilitates absorption, and on the other upon the temperature 
which acts in the same direction, and, moreover, furthers the action 
of the water upon the liver. It is necessary, in addition, to take into 
consideration the mode of administration of the waters and the pecu- 
liar conditions under which the patients live at these resorts during 
the treatment. In this respect much improvement could be made at 
Vichy, where. the patients are too much abandoned to themselves 
and condemned to the barbarous regime of table aVhote. The bicar- 
bonate waters exercise their effects especially upon the digestive tract 
and its neighboring glands and upon general nutrition. They increase 
the buccal secretion and tend to augment that of the stomach. In a 
large number of cases, when taken upon an empty stomach, they meet 
in the latter organ acid products, the residue of the preceding meal ; 
and the bicarbonate is then transformed, in part or entirely, into 
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chloride of sodium, whilst the carbonic dioxide is disengaged and pro- 
duces a peculiar tickling sensation in the nose. It ifl generally ad- 
mitted that the decomposition of the sodium bicarbonate tmln 
even in an empty stomach. The alkalies are capable of stimulating 
tlie secretion of the gastric juice, the acid of which subsequent h 
the bicarbonate salt. The question has uot, however, beeu fully settled, 
though this process, however, explains the rapid alkalinization 
of the urine, which has been ascribed to the abstraction of hydro- 
chloric acid which has been supposed to be contained in the blood. 
The studies pursued by the writer aud Winter show that the blood 
furnishes directly only sodium chloride. The phenomena waioh 
follow the ingestion of bicarbonate waters depend upon complex 
conditions even in the physiological state. They vary especially accord- 
ing to the relation which the time of taking the waters bears to that 
at which the meals are taken. When glandular atrophy of the 
stomach- wall* exists, sodium bicarbonate, remains almost unchanged 
in the stomach, ami the alkalinizatiou of the digestive tract and ot 
the blood is rapidly produced. In other affections, although a part 
of the btrcarbonate may be decomposed in the stomaoh a part passes 
on into the intestine. 

Extended studies have shown that the principal effect of alkaliue 
medication is to shorten the process of gastric digestion. Rut it is 
not possible to obtain a precise conception of the medicinal effects in 
disease unless the disturbances iu the progress of digestion, of which 
the writer gave the first description, arc taken into account. 

The administration of sodium bicarbonate at a considerable dis- 
tance from the meal, aud the same no doubt holds good of mineral 
waters, has for its principal effect the shortening of gastric digestion. 
Iu patients subjected to this treatment analysis shows, even when 
huge ilnses are employed, that gastric digestion is stimulated. But 
this is only apparent, although experimenters like Linossier have beeu 
misled, as they have not taken iuto account the modification in the 
evolution of the digestive processes. The supposed excitation is due 
to the fact that, the gastric changes proceeding more rapidly, the 
maximum of chemical changes is reached sooner. In reality the 
employment of sodium bicarbonate always decreases the secretion of 
acid aud tends to depression of the stomachic functions — if not alwtj* 
during the treatment, at least subsequently. If given several hours 
after meals, it saturates the gastric contents, cuts short digestion, and 
excites the evacuation of the stomach. 
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It is consequently the remedy par excellence in that pathological 
condition to which we have given the name dilatation. 

Alkaline waters exert an influence upon the pancreatic and hepatic 
secretions, either reflexly or indirectly, after the carbonate has entered 
the blood and has increased the alkalinity of this fluid of the body. 

Regarding the influence of the alkalies in the nutritive processes, 
results so far obtained are not concordant. Although we have as 
yet no precise physiological facts, it is certain that the alkaline treat- 
ment produces, in addition to a decrease in the acidity of the urine, a 
diminution in the nitrogenous excretion (urea and total nitrogen), and 
frequently also in that of the phosphoric acid. 

These effects, which persist for a greater or less period after the 
treatment, appear to result from the alkalinization of the body-fluids 
and the consequent changes in cellular protoplasm. Whatever the 
explanation, the fact is undeniable — there is an inhibitory action on 
the digestion of the albuminoids. It should be added, however, that 
in certain patients who are not cancerous and have an abnormally 
low nitrogen excretion, small doses of sodium bicarbonate or of alka- 
line mineral waters may, by stimulating appetite and digestion, 
determine an increase, at least temporarily, of the nitrogenous elimi- 
nation. 

The alkaline treatment possibly favors the combustion of the hydro- 
carbons, judging from the results obtained in diabetes and obesity. 
Many of these facts, however, merit closer study. 

An important question is, can an excess of sodium in the blood 
and body-fluids produce an organic disintegration, a diminution in 
the plasticity of the blood, anaemia and oedema ; in a word, the state 
designated by Trousseau as " alkaline cachexia ? " The physicians 
at various watering-places, notably at Vichy, have vigorously com- 
bated this opinion, and have attempted to show that the sodium 
bicarbonate waters are reconstructive and even favorable to the 
haematopoietic processes, but the views of Trousseau nevertheless 
contain a measure of truth. 

It should be noted in the first place that at the period this opinion 

was advanced the treatment at Vichy was vigorous and the doses 

frequently excessive. The alarm sounded by Trousseau contributed 

greatly to the reform of the internal treatment. In the second place, 

the opinion of Trousseau applies to a certaiu number of cases, but 

not to all. For, if it is true, as it undoubtedly is, that in some eases 

the moderate use of Vichy water has a reconstructive influence, it is 

12 
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nevertheless true that in other cases the waters, even iu moderate 
doses, are harmful and absolutely contxaindioated in a lar 

of patient*, who are, n evert lie less, sent to Vichy or a similar mart 
In Trousseau's time, when the patients drank large quantities of 
water, they returned from the watering-places iu a lamentable con- 
dition. We have witnessed such effects, which might have been 
avoided had proper attention been paid to the condition of tbe diges- 
tive tract and to the state of general nutrition. These waters are not 
to be prescribed without these precautions. 

Of the effects produced by the waters taken internally, a part is 
ascribed to the carbonic dioxide, and consists in a mild degree of in- 
toxication aud in au increased activity of the circulation. The later 
effect is sedative. 

The bath is soothing and agreeable; it facilitates the treatment 
when it is desirable to stimulate tbe skin functions and to exert a 
sedative effect on the nervous system. 

Therapeutic Uses. The sodium bicarbonate waters are used 
in a considerable number of morbid states, such as diseases of the 
stomach, the liver, the mucous membranes, rheumatism, gout, diabetes, 
albuminuria, obesity, and certain cachectic states. Patients suffering 
from functional dyspepsia are nearly always sent to such waters, a 
practice that is not always good. However, all forms of chronic 
gastritis may be benefited to a certain extent by the alkaline waters 
if a correct choice of the kind of water suited to the stomach is made 
and a proper mode of administration carried out. 

Unfortunately, nearly all patients, whatever their form of disease, 
are subjected to the same mode of treatment ; judging from the results 
we have obtained with sodium bicarbonate, it is evident that the 
treatment must vary with every variety of gastritis. 

The strong bicarbonate waters, and especially large doses of these 
waters, are beneficial only to patients with hypcrpeptic gastritis. 
When the evacuation of the stomach is delayed, as is generally the 
rule iu these cases, the water should be administered three or four 
hours after meals. Iu the gastritis of the hypojwptic type light 
mineral waters should be chosen ; their administration should take 
place alwut an hour before meals. If the bicarbonate waters are 
strong, then the dose should be small. 

Intense hypopepsia and apepsia appear to contraiudieate the alka- 
line waters, unless their use is clearly demanded by the state of the 
general nutrition. 
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Only patients with excessive nitrogenous excretion should be sent 
to the stronger springs, and in certain cases the condition of the urine, 
rather than that of the digestive tract, should determine the choice of 
the water. 

Organic diseases, as cancer and acute ulcer, are contraindications 
to the employment of alkaline waters, especially the stronger varie- 
ties. In ulcer of long standing the waters may be useful ; at least 
they arc not contraindicated. 

Chronic hepatic congestion and biliary lithiasis are the affections 
of the liver amenable to the treatment by stronger alkaline waters. 
In this respect Vichy is a formidable rival of Carlsbad. Successes 
would be still more frequeut than they are if arrangements could be 
made between the physician and the hotel-keepers by which the 
patients could be made to follow an appropriate regimen. 

Because of their ability to increase the secretions of all mucous 
membranes the sodium bicarbonate waters are employed in all 
chronic catarrhal inflammations. But in these conditions they are 
inferior to the mixed chloride waters. 

Uterine inflammations, whether complicated or not by neuroses, 
are treated at the milder mineral springs, as at Andabre (Aveyron). 
Rheumatism responds only in rare, and as yet ill-defined, cases to 
the treatment of sodium bicarbonate waters. As to gout, the opin- 
ions are conflicting. The strong waters (Vichy, Vals) appear to 
modify the predisposition to gout and to retard the development of 
gouty symptoms. They are especially applicable to those cases 
presenting an excessive nitrogen excretion (excess of urea, total 
nitrogen, phosphoric acid, and urates). In the frank forms of gout 
they are indicated as long as the urine retains these characters. 

When, however, there is a tendency to sub-excretion of nitrogen, 
indicating chronic and atonic gout, recourse must be had to the 
milder waters, or the use of these agents must be abandoned alto- 
gether. Uric acid or oxalic acid gravel, as well as renal colics, are 
manifestations of the same general state. They may be treated with 
the strong or weak bicarbonate waters, preferably cold springs, such 
as Celestins at Vichy. But they respond better to the diuretic waters, 
soon to be considered. Diabetes is also amenable to the treatment by 
sodium bicarbonate waters ; clinical experience has shown the favor- 
able action of Vichy, Vals, and others in this disease. 

The explanation of this effect is yet to be found. Perhaps it is 
due to the improvement in the digestion. The fact that improve- 
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■ ■ ■ \n hyperpeptic as well as in hypopeptic or apeptJc * 
ll to be. explained mtber by :i iiinmlationof the panerestico-duo-ieml 

tlrati of 'I i hi. digestion. There may be a heightening of the 

bapatle ftmatiom 

The dm of llic stronger waters in diabetes is permissible only in 
MM ■'■ii<'li'-fiii' and n on -tuberculous iudividnab. 

The oloM relations existing between digestive errors and the 
trjpearanas of albumin in the urine explain the benefit which s 
nll'iiMiMiiirli' patients obtain from the bicarbonate waters. The im- 
provement in seen only in cases with gaetrie troubles or when the 
albuminuria i* related to the presenoe of urate infarcts in tlie kid- 

Myt, Par thymatous nephritis is :i contraindication, and chronic 

iiitiTHlitiul nephritis derives benefit from the waters only wfe 
of aria Bdld origin, Ai certain springs malarial cachexia and Ay*- 
psptk ohlorotil nre treated. In malarial cachexia associated with 
■planlo ind bepatio oongeetion there exist digestive errors that are 
favorably Influenced by the use of the waters. But the change of 
BOMf, tin 1 new hygienic conditions, and the external measures have 
11 large Ifnol praj lerating influence in the "cure." 

Oblorufia, which is frequently combined with a hyperpeptw 

iiii'v m -'n ases be benefited by the chalybeate sodium bicarbonate 

hiiI. m, such u those of the Meadames spring at Vichy. 

Calcium Waters. Certain authors have described quite property 
under the name of Hlkaliue, earthy, or calcic waters a distinct group 
of iiiin- nil waters, which comprises those waters that in the French 
oUusincatioii are designated ns calcic and magnesium bicarbonatcd, 
calcic, lulphntcd, and mixed carbonated and sulphated waters. 

Tho oaldo waters haw a number of marked characters in com- 
mon. Tli.-v aiv nil cold and fceblv mineralized ; and the coutaioed 
principle* play so unimportant n iv.7, physiologically that the class 
nlghl be. plaosd En the indeterminate waters. 

The benefit derived (rom their use appears to he based more upon 
the method of administration tlian upon any medicinal qualities. 

fholr ■ imposil characterised by the presence and predomi- 

ilt of calcium and the absence of other minerals. In some 

biearbonatea ut caleium and of magnesium are found; in 

others, the sulphate of calcium. i springs might be 

-I. wen it not that in mam cases both biearbonatea aud 

sulphate* occur together. 

^■5 '"''" Wkt0n " '^""^-ount of the presence of car- 
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bonic dioxide. Nearly all are employed internally by the method 
of "lavage." 

Alkaline Earth, or Calcic Waters. 



Name. 


Bicarbon- 
ate of cal- 
cium and 
magne- 
sium. 


Sulphate 
of cal- 
cium. 


C0 2 . 


Total. . Temp. 


Contrexiville, Povillon 

Vittcl, Grande Source 

Capvera 

Aulus 

Wildungen (Prussia), George Victor 
Driburg (Prussia), Heristerquelle . 


2.20 
0.43 
0.79 
0.05 
0.75 

1.24 
1.51 


... 

1.160 

0.410 

1.091 

1.400 

iVooo 


2.11gr. 

59 c.c. 

1.739 

O.li'gr. 
c.c. 
1.322 
1.043 


1 
5.500 : 12° C. 
2.380 10 
1.00 c.c. ; 11 
1.604 22 
3.610 , 18 

1.440 ' 01 
2. 720 10 



Among the French waters Pougues deserves special attention on 
account of the relatively high proportion of minerals. 

We might also add to the list some of the less important waters, 
such as Sermaize (Marne), Evian (Haute- Savoie), of which the total 
quantity of dissolved minerals is less than 1 gramme ; Alet (Aude), 
an export water of feeble mineralization ; Foucaude (Herault); Oriol 
(Is£re); Cransac (Aveyron), one of the most highly mineralized 
waters; Encausse (Haute- Garonne), strong in calcium sulphate, etc. 

Physiological Effects. The calcium salts are unimportant 
physiologically, for although the fluids and solids of the body con- 
tain a considerable quantity, enough for the needs of the system is 
derived from the ordinary aliments. Some doubt exists as to the 
action of the salts of lime on the digestion. The accepted view is 
that the bicarbonate is decomposed in the stomach to form the chloride 
and lactate of calcium, as well other salts of lime. Yet it need not 
modify digestive processes ; it may merely act, if in sufficient quantity, 
as an antacid. The question, however, is probably not definitely 
solved. 

In studying the subject it will be necessary, first, to determine the 
effect of very large quantities of feebly mineralized waters, accord- 
ing to the mode of administration in vogue at a number of resorts, 
as ContrexSville, Vittel, Capvern, Evian, etc. Secondly, it will be 
important to investigate the influence upon digestion of waters of 
comparatively high mineralization, such as those of Pougues, which 
contain almost 5 parts of mixed principles per 1000. 

This subject becomes the more interesting since the chemical 
researches of Winter indicate that the calcium salts play a part in 
gastric fermentation. 
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The treatment at Pougues produces a slight stimulation >>'■' ' !|;: 
processes of digestion, and for this reason we agree with Bovet, who 
advises the U98 of these waters in hypopepsia. 

Sulphate of calcium [a indigestible; its presence in pure sulphate! 
waters renders them laxative. The salts of magnesium, which are not 
present in large .|ii!iiitities, have a similar action, and are at the same 
litih antacid, like (he bicarbonate of calcium. YeJ many of 8m* 
Waters, even the pure calcium sulphate waters, may be borne in large 

q itities and exercise tlic same lavage effects as the less highly 

mineralised waters, Several act in these doses on the intestines aud 
aid in tlnir evacuation. 

The action of calcium waters on nutrition does not differ from 
that of ordinary water. This statement is not controverted by the 
results of the researches of certain physicians of Evian and of Vittel. 

The long-established and universal reputation of the lime waters 
in calculous affections renders it probable that they possess a dtasofo 
iii].' action on uric acid. This is the view recently advocated by L. 
Lehmann (1S89), whose studies were made with the Pavilion water, 
ai Oontraxeville, and the bicarbonate spring Helena, at WUdungaa. 

Thbrapsi TIC Uses. The diseases influenced by the lime waters 
•M raw in Bomber. 

Of chronic gastric conditions it appears tiiat those complicated 
with ooronic coustipntion are most markedly benefited. Intestinal 
atony may be overcome, at least temporarily, at such springs as 
ContrexAvUle. Chronic gastritis of the hypopeptie type may l« 
improved ai I 'ungues, where only small quantities of water are taken. 
It is possible that these waters have a medicinal action in these cases. 
(Tin- Pougucs waters oontain 2.995 grammes of various bicarbonate* 
of calcium, sodium, magnesium, potassium, lithium, and iron.) 

The special value of ilie less highly mineralized waters is to 1* 
li'iind in esi <■■ .'I :i:iv.4, especially (hose of uric acid, and in chronic 
catarrhal affections of the urinary passages. The method of admin- 
istration consists in the ingestion on an empty stomach ofverv 
qnaotitiea of the waters. 

Ai Coutrexeville, lor example, the patients begin with thr 

and gradually increase to eight or ten ; then the quantity 
is again decreased. This brings about diuresis and has also a laxa- 
tive effect; sometimes constipation is observed. According to 
Treuille,the urine exceeds by one-third the amount of water ingested. 
Rodet, of Vittel, contents himself with saying that the diuresis 
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proportionate to the amount of water consumed. Not rarely small 
calculi are expelled with the urine. 

In cases of vesical calculi the treatment develops the characteristic 
signs of the disease and thus becomes a diagnostic agent. 

The expulsion of calculi and the free flushing of the urinary pas- 
sages brings about an improvement or cure of the complications of 
gravel, such as cystitis, prostatitis, or pyelitis. 

At Vittel the waters contain an abundance of carbonic dioxide, 
which renders them sedative in irritable patients. In chronic in- 
flammations of the urinary passages secondary to gravel or calculous 
states the waters of Evian seem to be particularly useful. 

Many gouty subjects, as well as such as are merely predisposed to 
gout, are sent to these watering-places on the belief that free flush- 
ing of the kidneys and a greater elimination of uric acid cannot but 
be of advantage in such cases. The recent researches of Chia'is 
tend to render these somewhat vague indications more definite. 
At these resorts, where it is customary to drink large quantities of 
the waters (Vittel, ContrexGville), the uitrogenous excretion is in- 
creased. According to Chia'is, patients who have presented an 
excessive nitrogen excretion should not go there. The treatment at 
such places should be reserved for those with defective nitrogen 
excretion, or in whom the nitrogenous substances are not completely 
oxidized. 

Researches of the nature of those of Chia'is cannot be too highly 
encouraged, for a large uumber of such data are required before 
we can place the indication for the use of mineral waters on a sound 
basis. 

Sulphate Waters. The fifth group of mineral waters comprises 
the sodium and magnesium sulphate waters. 

Magnesium and sodium sulphate have a special effect on the diges- 
tive tract, which is generally attributed to the modification in osmosis 
that is brought about by all saline solutions. 

Many writers, as we have already stated, make a single group of 
all the saline waters. But if we disregard the effects of large doses 
on the intestines and compare the influence exerted by moderate 
doses, especially on the stomach, we shall find that the sulphate 
waters differ widely in their action from the sodium chloride waters. 

The sulphate of maguesium and sodium waters may therefore be 
taken as a type of a natural group. This group is divisible into 
sub-groups. First, the pure sulphates, or bitter waters of the Ger- 
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mans, which are true mineral waters, and, secondly, the mixed sul- 
phates. 

The pure sulphate or bitter waters only cause purgation ; they are 
largely exported. 

According to the greater or less abundance of salts they may be 
classified as strong and mild. They contain sulphate of sodium and 
of magnesium and small quantities of sulphate of calcium, carbonate 
of magnesium, chloride of sodium, aud in some instances free car- 
bonic dioxide. The majority arc highly mineralized. 

Tin- mart famous, such as Pullna, -Seidlitz, aud Saidschiitz (Bohe- 
mia), are obtained by an artificial process ; these waters, therefore, 
belong to the class or" lixiviated waters. At Pullna, for example, 
the rain-water percolates through layers of marl, containing various 
salts, and is collected in wells of about three yards' depth, lined 
with wood. At Fried rich shall the waters traverse secondary strata 
containing masses of basaltic roclcs, and are also collected in wells 
They contain as much sodium chloride as bitter sulphates. 

The variability of the strata through which this class of mteH 
passes explains the diversity in composition, The waters of Bir- 
nKDadorff, in which, as in those of Seidlitz, magnesium sulphate pre- 
dominates, emerge from reservoirs, whore masses of this salt have 
been found in the neighborhood of deposits of gypsum. 
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'ritciiuly French water that can rival the foreign purgative water* 
is tital 'it' Uontmirail-Valqueyras. 

All the wuicr? ill' title group are transportable, but cau all he 

replaced by an equivalent dose of neutral salts j as purgatives (hey 

tnry. 
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Their abuse, as also that of the purgative salines, leads to chrouic 
gastritis and apepsia. 

The only pure sulphate spring at which treatment may be carried 
out is that of Miers. It would be of great importance to know 
what effect the waters at Miers produce on digestion, for sodium sul- 
phate is certainly one of the most energetic stomachic agents. 

Chalybeate Waters. Jn many mineral waters there exists a 
small quantity of iron — enough, indeed, to be of some influence. As 
an example, we may cite the Mesdames Spring at Vichy, which is, 
strictly speaking, a sodium bicarbonate chalybeate spring. 

Under the name of chalybeate waters we include only those in 
which the iron is present in sufficient quantity to produce some thera- 
peutic action, while the other mineral principles are present, from the 
therapeutic standpoint, in nominal amounts. 

According to Gerdy, chalybeate waters are found wherever iron is 
found in a finely divided state in association with mould or decaying 
vegetable matter. The iron is dissolved especially by waters super- 
saturated with carbon dioxide in contact with strata rich in the oxide 
of iron. 

A carbonate of iron is produced which, in the presence of alkaline 
bicarbonates, forms, as shown by Lefort, soluble double salts. 

Besides carbonated chalybeate waters, others are found, such as 
those containing ferrous sulphate, usually in association with alkaline 
sulphates. 

Berzelius has shown that certain springs regarded as carbonated 
really contain the crenate of iron. The chalybeate waters have been 
divided into three classes — the bicarbonate, the crenate, and the 
sulphate waters, a classification adopted by Le Bret. 

It seems to us unnecessary to establish more than two classes, the 
first comprising the bicarbonate and crenate waters, the two being 
frequently associated ; and, secondly, the chalybeate sulphate waters, 
which differ sufficiently from the preceding to warrant their being 
placed in a separate class. 

All chalybeate waters proper are cold. A certain number of warm 
springs employed externally should be classed with the indeterminate 
waters. 

The chalybeate waters are feebly mineralized, the best known con- 
taining only 6 to 7 centigrammes of the carbonate of iron per litre. 
In many the quantity is 3 or 4 centigrammes, or eveu less. 

The chalybeate sulphates are relatively rich in mineral principles. 
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A few springs contain arsenic in the form of arsenate of iron. 

There is in many chalybeate waters a sufficient amount of carbonic 
acid to render them acceptable and easy of digestion. 

Among the other substances found in chalybeate waters may be 
named carbonate of calcium, of sodium, and of magnesium, which 
arc found in small quantities normally- There are, indeed, mtntfl 
the fixed principles of which are scarcely above 0.5. The mlpaate 
waters must be excepted, as they may contain 5 grammes. 
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Physiological Effects of Ferruginous Waters. Having 
briefl) considered their chemical characters, we may now take up 
the physiological and therapeutical properties of the ferruginous 
waters. The class we shall begin with is that of the bicarbonate 
waters. These are clear, transparent, non-odorous, and have an 
astringent taste recalling that of iron, but corrected by the presence 
of carbonic dioxide. 
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Special researches on the absorption of the iron of mineral waters 
and upon the effects which it produces upon the digestive processes 
have not been made. It is, indeed, one of the numerous lacunae 
which a more complete study of the action of mineral waters should 
fill. The sulphate waters which contain the alkaline sulphates, alum, 
and sometimes arsenic (Dominique de Vals), have a more pronounced 
astringent taste than the others and should only be taken with cau- 
tion, and as a rule diluted. It is interesting also to determine the 
effects which they have upon the digestive tract. 

The chalybeate waters are also employed in the form of baths. 
Although the important factor is the disengagement of carbonic di- 
oxide, they determine effects which differ from those of the baths 
containing free carbonic dioxide. They are more stimulating. 

Therapeutic Uses for Ferruginous Waters. Since iron 
is the specific remedy for chlorosis, the transportable ferruginous 
waters have been prescribed for this disease, and patients have often 
been sent for treatment to chalybeate springs. What is the value of 
this practice? The first question to be determined is whether 
chlorosis can be cured by their use ; for, as we have observed, and 
according to the opinion of others who have published treatises on 
mineral waters, particularly Le Bret, the use of chalybeate waters 
does not cure chlorosis. Indeed, some cases are aggravated by their 
employment. 

Let us see why these waters, which are known to contain iron, fail. 
The following are the principal reasons : First, the ferruginous waters 
are digested with difficulty. Caulet, who has studied the subject 
thoroughly, divides individuals who use the waters into two cate- 
gories : those who digest them and those who do not tolerate them 
well. Among the latter the use is followed by a feeling of weight 
in the epigastrium, and then by a plethoric state and constipation. 
The evacuations assume the characteristic black color. 

In those who seem to digest the waters the following phenomena are 
produced : First, congestion of the head ; sometimes sufficiently pro- 
nounced to necessitate revulsive agents for the purpose of moderating 
them. Then an increase of appetite, even up to bulimia. There is also 
increased diuresis, though the dejecta preserve their normal color, a 
fact which indicates that the iron is absorbed. Nevertheless if the 
doses are increased the feces become black. Eventually at the end of 
a variable period, the continuance of the treatment leads to a satur- 
ation of the system, which manifests itself by fatigue, lassitude, 
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malaise, cephalalgia, and by aversion to tlie waters, and then by tur- 
unculosia and acneiform eruptions. We may interpret these interesting 
results as follows : The chalybeate mineral waters exercise a marked 
action upon the digestive tract. In those case* where they appear to 
be digested (and they arc the exception) they sooner or lat- 1 < 
phenomena of intolerance. Further, all the chlorotics present abnor- 
malities of digestion, and the majority of them do not dispose at all, 
or imperfectly, of the ferruginous waters. Scheuer recognized the 
fact that many of the chlorotic patients do uot digest the waters of 
Spa. He attributes this to dilatation of the stomach, a condition 
which, at the time he wrote, was considered as the disea.se upon which 
all forms of dyspepsia decoded. But dilatation is only one of UH 
symptoms of the gastropatby of chlorosis. It is generally associated 
with u more or less pronounced liypevpepsiu with increase of the seere- 
t ion- and slowness of digestion, a state accommodating itself neither to 
iron nor to the waters, taken upon an empty stomach. The second 
cause of the failure of the ferruginous waters in chlorosis should be 
attributed, it seems to us, to the feeble intensity of their medicinal 
action. To repair the diseased condition of their blood, chlorotic 
patients need a fixed and rather large quantity of iron. It should lie 
remembered that in pronounced chlorosis the deficit of iron in the 
blood is very considerable. Estimating the total amount of iron in 
the blood of a healthy adult as three grammes, the proportion in a 
case of chlorosis, with moderate anremia, sinks to \\ grammes. In 
more pronounced cases, it may fall to one gramme, or even to 0.75. 
This is a very interesting pathological fact. The ferruginous water-, 
even those most strongly mineralized, contain only 0.7 gramme of 
iron, that is to say, a very small proportion. These are, therefore, 
incapable of furnishing a sufficient quantity of iron even if we admit 
that all of the metal which they contain is absorbed and fixed by the 
blood, which is far from probable. The pharmaceutical preparations 
are far superior. They offer the advantage of permitting the intro- 
duction of a large quantity of iron, and of being tolerated for a 
longer time, at least until the restoration of the blood is complete. 

The third reason of the non-success of the treatment at obalyhetfe 
springs depends upon the fact that the extrinsic conditions obtaining 
at the stations are more harmful than useful. Whilst in a large 
number of morbid states the cure at watering-places acts favorably 
by virtue of the extrinsic conditions arising from the change of air, 
the exercise, and the alteration of the regimen, in chlorosis these 
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diverse factors play a rather harmful role, at least, in the majority 
of eases. Thus chlorotic patients who arc at the same time neur- 
asthenic, not only do not support exercise and fatigue, but frequently 
need absolute rest, particularly at the beginning of the treatment. 
On the other hand, by reason of their dyspeptic state, many of them 
should be subjected to a very severe regimen which differs essentially 
from that at hotels. Finally, baths and hydrotherapy are means 
whieh should be employed only at an epoch when the restoration ot 
blood is already fairly advanced, when strength has returned suffi- 
ciently to make a reaction possible. 

A long experience [tcrmits ns to formulate our conclusion as follows: 
Chlorosis is treated better at home than at climatic resorts or chaly- 
beate springs. In a number of cases where certain forms of medica- 
tion claimed as useful had been vainly tried, wc succeeded easily and 
quite rapidly without removing the patient from his habitual sur- 
roundings. Being given a well-marked case of chlorosis, the first thing 
to do is to impose absolute rest in bed for two or three weeks. The 
necessity for this repose is greater the more pronounced the anaemia, 
and the more marked the ueurasthenic state. In the second place, a 
severe alimentary regimen should be insisted upon, being always con- 
trolled by the state of the stomach, and the latter should always be 
determined by the analysis of the gastric juice. The diet which is 
best suited consists of milk and raw meat. This is, moreover, indi- 
cated by the hyperpeptic state of the stomach, so common in chlo- 
rosis. The complete rest and the dietetic regimen are very grateful 
to the patients, who nearly always have been over-exercised and over- 
fatigued. The two measures indicated are almost alone sufficient to 
bring about a certain degree of amelioration. When at the end of 
about eight days the dyspeptic state, as revealed by palpation, by 
percussion, by the determination of clapotage, and by the chemical 
analysis, etc., is such as one generally finds in these cases, that is to 
say, a moderate degree of hyperpepsia, with slow digestion and begin- 
ning dilatation, the administration of iron may be begun. 

The preparation to which we give preference is the protoxalate 
(oxalate of the protoxide of iron), which is easily soluble in the pres- 
ence of the hydrochloric acid of the gastric juice. Wc prescribe it in 
doses of from 3 to 6' grains, taken at the meal. The preparation does 
not constipate. If constipation exists, it is combated by mechanical 
laxatives, such as the mucilaginous cereals, or by enemata. The 
general regimen is maintained, hut little by little, as the improve- 
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ment progresses, the patient is permitted to resume B m 
(Hot. At the end of fifteen days or a month, according t** the nature 
of the ease, the patients regain their color, recover u 
and are able to get up. They may then he allowed to take short 
promenades in the air, and after five or six weeks the cure will be 
far advanced, if not achieved. In those eases where ihe . 
dition is accentuated, the treatment of chlorosis is more difficult. 
We have then to deal with two opposing states : On the one hand, 
hyperpepsia with hyperacidity and pronounced dilatation, perhaps 
even complicated with ulcer; on the other baud, a condition of 
chronic gastritis of the hyper-peptic type,arisiog from varioni bum 
sucli as badly regulated diet, the use of agents depressing the activity 
of the stomach, etc. In both of these conditions the patients are 
markedly dyspeptic. Before being placed on iron, which is often 
badly borne, they should be treated as cases of simple dyspepsia. 
The iron should only be given at the time when a sufficient improve- 
ment of the gastric state has been obtaiued. When a persistent 
hypopepsia exists, hydrochloric acid may be used to assist the diges- 
tion of the iron. The latter is then given before meals ; the bydra- 
chloric acid after meals. 

This mode of treatment has always been crowned with success iu 
our hands, aud we can, therefore, confidently recommend it. 

From what has been said, it follows that chlorosis, and especially 
chlorosis with marked dyspepsia, are not indications for the use of 
chalybeate waters. We should, however, not conclude that these 
waters are without value in anaemias or even in certain mild forms 
of chlorosis, but the indications for their use are not precise and 
depend upon very variable circumstances. They will, in our opinion, 
remain obscure as long us the physiological and pharmaco-thcrapeii- 
tical effects, particularly those upon the digestive tracts, are not better 
understood. 

According to clinical observations certain forms of dyspepsia, espe- 
cially those complicated with chronic diarrhoea, arc benefited by 
chalybeate waters. Thus the physicians of Forges and a number of 
other resorts have as their clientele a large nutnlwr of dyspeptics. Iu 
these cases the air, the exercise, the balneotherapy aud hydrotherapy 
play an evident part in the effects of the waters. But we still lack 
precise data concerning the conditions in which the iron -containing 
waters are useful. It is possible that we shall iu the future find 
chronic or hypopeptic gastritis, with or without mucous transform*- 
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tiou of the glandular apparatus of the stomach, amenable to this form 
of medication. 

Another indication for chalybeate waters is secondary ancemia, such 
as post-hemorrhagic and puerperal anaemias, those secondary to trau- 
matism, the anaemia of convalescence, and all other conditions in 
which the restoration of the blood tends to take place spontaneously, 
or at least needs only good hygienic conditions. 

Certain uterine affections, as dysmenorrhoea and the metrorrhagias 
with secondary anaemia should be included. In these conditions the 
indication is not to cure the anaemia but to remove the cause, and for 
this purpose the chalybeate waters are inferior to many others. Cer- 
tain neuropathic conditions and different forms of chronic rheumatism 
are sometimes improved at ferruginous springs. But here the ex- 
ternal treatment is the more active agent. 

We may conclude the consideration of the pure chalybeate waters — 
that is, those employed as beverages — by stating that they have no 
precise indication. Either they are useless or inadequate, as in true 
chlorosis, or they act simply as ordinary mineral waters — i. e. } chiefly 
through extrinsic conditions. It is, therefore, unnecessary to insist 
at this time upon a specialization of the various resorts. The sul- 
phated waters appear to be appropriate to the treatment of chronic 
diarrhoeas, and even, according to some writers, to the treatment of 
chronic gastric catarrh and gastric ulcer. These assertions, however, 
are not supported by sufficient proof. 

Indeterminate Waters. Under the name of indeterminate waters 
(Duraud-Fardel), simple mineral waters (Le Bret), and other names, 
we understand those feebly mineralized waters which seem to act 
chiefly by reason of the mode of their administration, and very fre- 
quently also by their warmth. We also include in this group the 
gaseous acidulated waters of certain writers. 

The group then comprises two classes, the simple mineral waters, 
thermal or not thermal, used especially or exclusively for external 
use, and the gaseous acidulated waters. The simple mineral waters 
are waters the temperature of which varies from 90° to 130° F. They 
are generally warm, feebly mineralized, and sometimes contain even 
a smaller amount of fixed principles than potable water. The ele- 
ments found in them are especially sodium bicarbonate and sodium 
chloride. The absence of lime and magnesium gives them a marked 
softness, so that they may be takeu as beverages or employed as 
baths. The gases found in them are oxygen and nitrogen. Carbon 
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dioxide is not abundant. Sometimes traces of hydrogen sulphul 
and of organic matters are found. Minute ijuantities of arsenic, o 
lithium, and of iron may he present. 

Physiological Effects of Indeterminate Waters. 
is characteristic of these waters that they produce therapeutic 
which cannot be clearly ascribed to any medicinal or chemical actio 
The majority of the hydrologists consider, however, that die; 
waters differ from the ordinary potable waters. They attribnt 
to them a physiological action and therapeutic virtue of a 
kind distinct from that obtained from all other waters. But to w 
factors are these effects due'.' We have already examined this (joe 
tiou, and we have seen that the electric state of mineral waters 1: 
been invoked in explanation of these effects. The action of electricity 
the value of which is perhaps great, should not make us neglect ti 
other physical or mechanical factors capable of exerting an important 
influence. The temperature appears to be at times the most active 
of these factors. On the other hand, the special arrangements at cer- 
tain stations appear to contribute, by the originality of their dispo- 
sition, to the success obtained. Mud-baths and special met! 
bathing, such as prolonged immersion or the bath in running watei 
are employed, and no doubt play a part. It appears, then, I 
probable that in a eertaiu number of cases, at least, the beneficial 
effects of the cure should be ascribed not to any special physio- 
chemical effect, but to the peculiar modes of treatment in VOgtR, Wt 
should add that the climate and the accessory conditions, of which 
mention has been made when speaking of the treatment by mineral 
waters in general, may become important factors, especially in moun- 
tain resort-. 
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Name. Temperature. Total. Altitude. 

Schlangenbad (Hesse-Nassau) .... 28-82° C. 0.33 313 M. 

Ragatz (Switzerland) 35.3 0.29 521 

Pfaeffere (Switzerland) 37.5 0.29 605 

Rtfmerbad (Styria) 37 0.08 237 

Wildbad (Wllrtemberg) 33.7-39.5 0.54 430 

Lippepringe (Prussia) 21 2.40 

Inselbad (Prussia) 18 1.38 

Weissenbourg (Switzerland) .... 26 1.39 878 

Borrnio (Italy) 33-41 0.98 1448 

Bath (England) 42-47 1.9 

Gastein (Austria) 43-48.7 0.32 1047 

Toeplitz (Bohemia) 28-49 0.64 220 

Loutche (Switzerland) 57 1.9 1300 

The number of stations belonging to this group is very large, and 
it could be increased, for a number of waters classed in other groups 
might properly be included in this. The incorporation of certain 
waters tolerably rich in mineral constituents, such as Bagneres-de- 
Bigorre and Lippspringe, is explained by the definition which we 
have adopted. All the waters employed for external application, 
even when they are strongly mineralized, cannot be placed elsewhere. 
For this reason we include La Melon, Saint Amand, and Saint 
Christau. 

We shall not dilate upon the physiological and therapeutic effects 
which can be obtained by means of the indeterminate waters. It is 
only necessary to repeat here that which has been said regarding the 
general subject of mineral waters. Depending upon the means em- 
ployed, upon the temperature, and also, perhaps, upon the physical 
properties of the waters, phenomena of stimulation or of sedation are 
produced. Frequently the latter result is only achieved after the 
termination of a period of more or less intense excitation. This is 
the case, for example, at Neris. 

Therapeutic Uses of Indeterminate Waters. Considered 
in their totality, the indeterminate waters are appropriate in the treat- 
ment of all chronic diseases. Nevertheless, among the many stations 
belonging to this class we can recognize certain special features, which 
in some instances depend merely upon the peculiar methods adopted. 

Among the diseases amenable to this form of treatment rheumatism 
in all its forms stands first. The majority of the thermal stations 
may be utilized in these cases, but even they should not be placed 
upon the same rank. Those should be chosen in which the manage- 
ment is the best, while the different forms of rheumatism should 
always receive special attention. Unfortunately, in regard to this 
last point, the importance of which is readily apprehended, the em- 
pirical facts collected up to the present time are far from affording 
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us satisfactory enlightenment. When the rheumatism is acute, frank, 
or manifests itself hy repeated attacks which leave no articular lesions 
behind them, the thermal treatment is generally of restricted utility. 
Yet if there is no cardiac lesion, or if only a slight one exists, the 
attempt can be made to modify the rheumatic diathesis. The patient 
should, under these circumstances, lie sent to stations the waters of 
which have a sedative action, such as Cbateauneuf (which lias been 
placed in the class of bicarbonate waters, but at which the treatment 
consists solely of the pool-baths), where good results are obtained, 
but which is not provided with the necessary comforts; also to 
Bains-en-Vosges, Aix-les-Bains (classed among the sulphurous 
waters), Bourbon-Laney (classed among the chloride water?] 

Very irritable persons in whom it is important to secure a calm 
ative effect should be sent to Neris, Plomhieres, Bagneres-de-Bigom 
Bourbon-Laney, or Ragatz-Pfeffers. Neris is the principal French 
resort. It enjoys a salubrious climate, and the various methods of 
external treatment in use appear to possess some importance. The 
water of Neris, which is hot, is reduced to 102° by means of a cur- 
rent of cold water conducted through a tube surrounding the conduits. 
Exposed to the air, the water becomes still cooler, the temperature 
Calling to 94°. The treatment consists in the more or less continued 
employment of warm baths (90° to 94°). Sometimes these baths 
are greatly prolonged, having exceptionally a duration of four to fin 
hours. The treatment, at first stimulant, becomes finally sedative. 

Plombieres, one of the most important stations by reason of the 
great abundance of springs and its excellent arrangements, is suited 
to sanguine and irritable persons. The treatment is particularly 
useful in the painful forms of rheumatism, and in those imperfectly 
uuderstood manifestations to which the name of chronic visceral 
rheumatism has been applied. In the atonic forms of chronic rheu- 
matism, when a stroug stimulation is not to be feared, Saint Auiand, 
Barbotan, and Gasteiu arc the stations of choice. 

Dax, to which reference has already been made in connection w 
the mud-baths, has an especial influence in these cases. Whet 
chronic rheumatism attacks a lymphatic subject, the ruitd-baths 
Saint Amand and Barbotan are perhaps less active. Gastein k I 
remarkable resort. With its waters, the mineralization of which if 
practically nil, very marked effects are obtained. The baths : 
short in duration, and are taken in small pools or ponds, with I 
water at a temperature of 100° to 102°. The patients experience a 
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first a sensation of well-being; their appetite increases and their 
morale improves. Bill about the twentieth or twenty-fifth day they 
ore seized with diverse morbid conditions in the bath, consisting in 
chills, nausea, often excitement, insomnia, anorexia, thirst, slight 
fever, and nervous erethism. The general result of the treatment is 
ultimately manifested by an improvement of the health. Among 
the stations appropriate to the treatment of chronic rheumatism we 
should also mention To'plitz-Sehbnau, Lnueche, and Wildbad. All 
the nervous manifestations associated with tiie disease, as neuralgias, 
both peripheral and visceral, and the so-called rheumatic paralyses, 
are treated at the resorts named. 

Gout, which may be placed beside chronic rheumatism, lends itself 
to the same mode of treatment. The stations of choice are C'hateau- 
oeuf, Treplltz, Bath, etc. 

The largest clientele of the indeterminate springs is perhaps taken 
from those afflicted with the various forms of neuropathy. The most 
renowned stations in the treatment of the neuroses are Neris, Dax, 
Ussat, La Malou, and (lastein. Hysteria is treated chiefly at N6ris. 
Gastein has acquired a reputation in the treatment of the depressing 
forms of neuroses. Remarkable results have been attained there in 
nervous exhaustion consequent upon cerebral overwork, in the 
debility resulting from venereal excesses, in hypochondriasis, persist- 
ed insomnia, and spermatorrhoea ; in short, in all the diverse varieties 
of neurasthenia, particularly in the primitive form, that are Dot 
symptomatic of visceral disease. The neuropathies characterized by 
irritability and excitement find at Dax sedative influences, due prob- 
ably to the constancy of the temperature as well as the balneological 
procedures to which they are subjected. 

At Ussat, in Arioge, a resort situated 1500 feet above sea-level, 
cool baths are employed, by means of which a very pronounced 
calmative effect is procured. 

The indeterminate waters which exercise a local influence are suit- 
able for external applications in rlin'iiir >l:in AW/w, The moist 
affections, eczema and impetigo, are treated at Loueche-lcs- Bains and 
at Ave-ne. At the former, which is situated at an altitude of ahout 
5000 feet, the patients are subjected t<i a special form of treatment. 
This consists in pool baths of progressively increasing length, taken 
at a temperature of 95° F. Beginning with a sojourn of one-half to 
oue hour, the duration is prolonged until the patient eventually 
remains five to six hours per day in the bath in two seance*. After 



196 



PHYSICAL AND NATURAL THERM . 



leaving the bath he lies dowu for half an hour or more. When tin 
effect deter mi ucd by thin mode of bathing has appeared, the patient 
is subjected to baths of a progressively decreasing length. Theefleri 
cousists in a more or less generalized erythema, complicated at tiiu 
by the production of pustules and of fever of variable intensity. 
When this reaction fails, the treatment rarely succeed*. Apart I'm: 
eczema and impetigo, good results are also obtained in psoriasis a 
acue. The dry cutaneous affections are treated at Neris, Plumbierc 
Hfl£Tiorcs-de-Bigorre and Saint Aruand. 

The indeterminate waters arc also prescribed iu dyspepsias a 
ciated with painful phenomena, as gastralgia and enteralgia. 
should be remarked, however, that these symptoms are vcrv olti 
dependent upon organic disease, which should be first recognized and 
treated. The employment of bal neologies! and hydro therapeutic pro- 
cedures — that is, of revulsive measures — is frequently indicated in 
the chronic form of diseases of the digestive tract, and the results 
which have been obtained in certain cases, as at Plorabieres and anal- 
ogous resorts, are often due as much to the resolving ■ 
treatment as to a more or less indeterminate action exercised upt 
the nervous system. 

The waters have also been employed in the treatment of affections 
of the genito-urinary organs. 

The uterine diseases of subacute character, and complicated I 
great nervous irritability, may be modified by the waters of S(A 
and of Ussat. In the chronic and asthenic forms preference is given 
to Plombieres, Ba^neros-dc-Bigorre, Bagnoles de TUrnc, Avon 
and Bourbon-Laney. 

Gaseous Acidulated Waters. The name gaseous acidulated 1 
been given to the waters having no fixed principles, but rich iu c 
bonic dioxide gas. Carbonate of sodium, chloride of Bom'ni 
carbonate of lime are the chief elements. The carbonic acid j 
varies in proportion from 500 to 1500 cubic centimetres. The majority 
of these waters are cold ; some, as those in Auvergne, have a some- 
what elevated temperature. Nearly all possess an agreeable ant 
piuuant taste resulting from the presence and disengagement of a 
part of the carbonic dioxide. 

Puysioi-ogic Effects of Gaseous A cm n. ate d Waters. 
The physiological cflects depend upon the gas. The waters stimu- 
late the stomach, the stimulation being general, affecting at the BtHU 
time the mucous membrane and the glands, the nerves aud the n 
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cular coat. It would be interesting to verify this stimulation by 
experiment. The carbonic dioxide ingested is in part eliminated, in 
part absorbed. The proportion absorbed is, according to Quincke, 
very small, because of the high tension of the carbonic dioxide in 
the blood. This absorption is, however, demonstrated by the fact 
that the use of gaseous beverages, particularly of those which con- 
tain the fixed gas (the gaseous bicarbonated waters), determine phe- 
nomena of intoxication. The gaseous waters are also diuretic, a 
property which Quincke explains by the rapidity of absorption of 
the water in the presence of carbonic dioxide. 

All these waters are agreeable table beverages, which can be 
utilized in cases of nausea and loss of appetite. They also appear to 
have the power of diminishing the duration of digestion. Have they 
anti-fermentescible properties? It is not definitely known, for the 
physiological and pharmaco-therapeutic effects determined by the 
transient or prolonged use of these gaseous waters have not been suffi- 
ciently studied. This, too, is one of the lacunae in our knowledge 
which the future must fill. 

The baths in gaseous waters produce a cutaneous stimulation which 
stands intermediate between that resulting from the employment of 
saline baths and that produced by water at high temperature. They 
apparently do not excite any central action ; at least, their effects 
upon the heart are unappreciable. There is, moreover, no absorp- 
tion of carbonic acid gas by the skin. 

We should mention, in order to complete the subject, the existence 
of artificial gaseous waters, which are distributed in large quantity and 
sold often under the name of " natural waters." Durand-Fardel has 
called attention to the fact that these artificial waters do not retain 
the carbonic acid gas with the same tenacity as the natural waters. 
He inveighs against the excessive use of the gaseous acidulated 
waters, whether they are natural or artificial, But it is not yet 
known in what way they become prejudicial to health. 

Gaseous Waters. 

Names. Free CO* 

Desaignes (Ard&che) 1525 c.cm. 

Saint Galmier, source, Noel 1520 

Saint Pardoux(Allier) 1248 

Chiteldon (Puy-de-DOme) 116.") 

Buasang (Vosges). s. de la Salmade 700 

Condillac (Drflme) 400 

Schwalbach (Prussia), Lindenbrunnen 1590 

Apollinaris (Prussia) 1521 
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Names. Free Gy 

KeinaralPnisidal, KalUsjuelle ...,....., 1«5 COB. 
Wlldungeo (Waldeckl, lieorg-Victorquslle ...... 

Cudowa (Sltola), Obcrbrunnen . 1398 

Fusug' (Switzerland |. BelndnqwQa . 10T1 

Fldtria (Swltreriand) . «86 

Mixed Complex Waters. 

Apart from tlie waters in which the action of a medicinal princi- 
ple predominates there exist quite a number of other interesting 
waters, the therapeutic properties of which seem to lie dependent 
upon several principles. These waters can be ranged in a snmll 
number of groups, the study of which is generally taken with that 
of the relatively simple waters. We have given a list of these ia 
classifying the mineral waters. 

Sulphuretted Chloride and Chloride Sulphuretted 
Waters. The first of these groups is formed by the springs eontaiu- 
ing active amounts of sulphur compounds and chloride of sodium. 
Sodium chloride exists in small proportion in a large numlier of 
sulphurous waters ; generally it plays no role, but when it attains a 
proportion of more than a gramme to the litre it contributes in part 
to the therapeutic action of the water. In some of these springs the 
quantity of salt becomes so large that the water presents tin m.ili- 
cinal properties of the sodium chloride springs. It is this character- 
istic upon which the name of chloride sulphuretted water is hased. 
Sulphuretted chloride waters are usually calcium sulphide or hydro- 
gen sulphide. They also contain sulphates, aud are distinctly more 
mineraliKed than the pure sulphuretted waters. In those springs 
where sodium chloride predominates the sulphur compound may 
either hydrogen sulphide or sodium sulphide; at times both may 
found. 

SULPRATBD Chloride Watekb. 
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Therapeutic Uses. At the diverse stations where these waters 
are found the same diseases are treated as at the sodium chloride 
springs, but particularly certain rebellious skin diseases, manifesta- 
tions of scrofula, and the graver forms of syphilis. They are more 
strongly indicated in scrofula than the waters that are richer in sodium 
chloride. Uriage is especially appropriate to this class of cases. The 
same resort, the most important among the French stations, has also 
acquired a reputation in the treatment of the severer forms of syphilis. 

Abroad syphilitic patients are generally sent to Aix-la-Chapelle, 
where they are also subjected to mercurial inunctions. All we have 
said concerning the use of sulphuretted waters in the treatment of 
syphilis also applies to the treatment by chloride sulphuretted waters, 
especially those of Aix-la-Chapelle. 

Chloride Bicarbonated Waters. The chloride bicarbonated 
waters are represented by those in which the proportion of bicar- 
bonate of sodium is equal to or greater than that of chloride of 
sodium. Durand-Fardel establishes also another group of bicar- 
bonated chloride waters, but these do not, it seems to us, form a 
distinct class. 

Bicarbonated Chloride Waters. 



Karnes. 



Saint Xectaire, Pare 
S. intermitt 
Royat, Eugftnie 
Vic-le-Comte . 
Vic-«ur-C6re 
Ben-Laroun (Alger) 
Cb&tel-Guyon, Qubler 



Ems, Kesselbrannen 
Szczawnica (Galiicia), Magdalen 

enqueue .... 
Vinoenzbrunnen 
Qleicbenberg (Styria), Constan 

tinsquelle .... 
Setters (Nassau) 



Chloride 

of 
sodium. 



2.544 

2.062 
1.728 
2.000 
1.550 



1.552 



1.030 

4.600 
2.900 

1.800 
2.300 



9^ e Bi f^ r ^ n 1 8ul P? ate I Carbonic 



of mag- 
nesium. 



ate of 
sodium. 



1.583 



1 2.127 
1.723 
1.849 
2.900 
2.135 

1 2.250 
Bicarbon- 
ate of 
lime. 
1.980 

8.400 
4.200 

3.500 
1.200 



of 
sodium. 



0.168 
0.133 

0.200 



acid. 



0.683 
0.477 



c.cm. 
553 

771 
1687 

1172 
1139 



Temp. 



19° C 
45 
35 
16-34 



48 

11 
8 

17 
31 



The chloride bicarbonate waters are in part cold, in part warm ; 
at some stations both varieties are present at the same time. The 
majority are rendered gaseous by the presence of a more or less 
considerable proportion of carbon dioxide. They differ sharply by 
reason of their composition from the pure chloride of sodium and 
the pure bicarbonate of sodium waters. Their uses are likewise 
different. 
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The French springs are characterized by a moderate mineralization, 
of sufficient strength, however, to endow them witli well-marked 
properties. They contain scarcely more than 5 grammes of fixed 
principles, sometimes even less. Among them Chfitel-Gayon occu- 
pies a special place, first, on account of its richness in chloride, 
divided equally between sodium and potassium chloride. Secondly, 
on account of the fact that the bicarbonate of sodium is replaced by 
the bicarbonate of lime. La Boiirboule should also be named ; it I- 
likewise a chloride bicarbonate water, but the presence of a large 
proportion of arsenic is its chief characteristic. 

Several of the foreign waters, as those of Ems and Selters, 
resemble those of France in the moderate amount of minerals they 
contain. There are others, however, notably those of Szczawuica, 
in Galheia, which contain more than 8 grammes of sodium bicar- 
bonate. 

Physiological Effects. These waters are characterized chicfiy 
by their action on the digestive tract, but they also exert an influence 
upon general nutrition. 

Upon the digestive tract the action is essentially one of stimula- 
tion, as we have had the opportunity of observing in patients taking 
these waters, especially those of Saint Nectaire. This action n-uder* 
the waters appropriate to the trcatmeut of chronic gastropathies, 
characterized by a manifest hypopeptic state. The results produced 
must lie ascribed, we think, to the combined effects of the small doses 
of bicarbonate and chloride of sodium. 

Theeffects upon general nutrition have been but imperfectly inves- 
tigated ; we know of no physiological experiments with these waters. 
The clinical facts which we have observed indicate that the waters of 
Saint Nectaire increased the excretion of nitrogen. 

The waters are also said to possess the power of influencing the 
bronchial secretion, an effect probably dependent upon the sodium 
bicarbonate. 

Tiieiiapetttic USES. The diseases for which the chloride biear- 
bonated waters are suitable are certain affections of the gastrointes- 
tinal tract, various disturbances of general nutrition, and a few 
morbid conditions of the mucous membranes. 

In France the chronic dyspepsias of the minus-hydrochlorie-acid 
type are with advantage sent to Saint Nectaire, the waters of which 
have at the same time a beneficial influence upon the general nutri- 
tion. This resort has also acquired a reputation in the treatment 
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of albuminuria, which, as is well known, may have its origin in 
digestive disturbances. We believe that the waters of Saint Nec- 
taire are of signal value in the albuminuria of chronic interstitial 
nephritis. 

In cases of pronounced constipation the preference should be given 
to Chatel-Guyon. These waters are transportable, as are also those 
of Vic-sur-Cere and Vic-le-Comte. 

Scrofula, in its lighter forms, is benefited by these waters ; like- 
wise the dermatoses, particularly certain forms of eczema. 

For chronic inflammations of the bronchial mucous membrane, 
and even for tuberculosis, Royat and Ems are the resorts most highly 
recommended. Chronic uterine affections are also treated there. 

Mixed Sulphates. While the pure sulphates are almost without 
exception used only for export, being in the proper sense not mineral 
waters at all, the second class of sulphates, the mixed sulphates, com- 
prises an interesting series of waters, which have all the characters 
of true mineral waters. It is convenient to place in this group all 
the waters in which other active principles besides sulphates are 
found. Sodium bicarbonate and sodium bichloride are the most im- 
portant of these constituents. The composition of these waters is, 
as a rule, very complex. In addition to the agents mentioned, we 
also find bicarbonate of lime, of magnesium, and of potassium, sul- 
phate of lime and of iron, carbon dioxide, and nitrogen. These 
are the so-called polymetallic waters. They generally issue from 
volcanic rocks and traverse deposits of marl and gypsum. The 
majority are cold. They are rare in France, the most important 
being found in Austria. 

Mixed Sulphate of Sodium Waters. 
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sodium. 














c.cm. 




Brides (Savoy) 


1.16 


• •• 


• a* 


1.71 


1.83 


... 


34.5°C. 


8antenay (Cate-d'Or), s. lith- 
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2.01 


• •• 


0.3 


0.89 


5.63 


... 


19 


Carlsbad. Mulhbrunnen 


2.30 


2.00 


• •• 


• •• 


1.00 


180 


57 


Sprudel .... 


1 2.80 


1.90 


• •• 


... 


1.00 


104 


73 


Tarasp (Switzerland). Boni- 
















facienquelle 


2.20 


0.90 


• •• 


... 


... 


1263 


6 


r m Luciusquelle 


2.10 


3.40 


1.5 


... 


3.60 


1112 
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Marienbad (Bohemia), Ferdi- 


















5.00 


1.28 


* • ■ 


... 


2.00 


1527 
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Kreuzbrunnen 


4.90 


1.68 


• ■ • 


• •• 


1.70 


552 


11.8 


Franzensbad. Wiesenquelle . 
Bohemia, Salzquelle 


3.30 


1.20 


• •• 


• • • 


1.21 
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10 


2.80 


1.10 


■ •• 


... 


1.14 


840 
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Eljter (Saxony), Salzquelle . 
Koohitsch (Styria), Tempel- 
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The mixed sulphate waters are excellent medicinal agents, bui 
have not been sufficiently studied. The association of sodium 
sulphate with the bicarbonate and the chloride of sodium, which 
characterizes some of these springs, notably that most important 
one of all, namely Carlsbad, constitutes a combination that is capa- 
ble of influencing very markedly the processes of gastric diges- 
tion. 

In small doses these waters stimulate the secretion, and probably 
also the movements of the stomach. Large doses, or the prolonged 
use of moderate doses, depress the gastric functions and may lead to 
the development of a state of apepsia. 

The warm waters of these groups also engender an increased 
secretion of bile. 

Very little is kuown of the effects which these waters determine 
upon general nutrition. According to Fulzer, they produce a dimi- 
nution in the excretion of phosphoric acid, sulphuric acid, i 
and the chlorides. Seegen, on the other hand, explains in part the 
therapeutic action of the waters by stating that they increase the 
oxidation of the hydrocarbons, a theory that has not, so tin' U n 
know, been substantiated by experiment. 

From the observations that have been recorded we infer tint tin 
mixed sulphate waters in their therapeutic properties resemble tin.- 
strong bicarbonate waters, and are particularly useful in cases pre- 
senting an increase in urea and urates in the urine. Those waters in 
which the proportion of sodium chloride is high, as in the lithium 
spring of Santenay, have probably a slightly different action from 
those in which the quantity of that salt does not exceed two parts in 
a thousand. 

Therapeutic Uses. The mixed sulphate waters an employed 
in diseases of the digestive tract and of the liver, as well as in 
affections characterized by disturbances of general nutrition. 

The sufferers from gastric affections are sent chiefly to Carlsbad 
and to Marienbad. The only resorts in France that can a p p wt fc 
these are Brides and Miera. The waters of Brides-Ies-Bains are 
easily digested ; they purge in doses of live to six glasses, and rival 
chiefly those of Marienbad. 

The water of Miers is a pure sulphate, but too feeble to figure 
among the purgative waters. It is a true mineral water, useful in 
gastralgic affections, and deserving more extended study. 

The liver diseases amenable to the treatment by mixed sulphate 
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waters are those associated with biliary lithiasis. In this condition 
Carlsbad is facile prineeps. 

The intimate relations existing between chronic affections of the 
stomach and of the intestine and those of the liver enable us to 
understand why these waters are beneficial in both classes of diseases, 
and, indeed, the sulphates succeed l>est in chronic engorgements of 
the liver (chronic congestion, cirrhosis, etc.) secondary to chronic 
gastritis and enteritis. The good effects achieved in biliary lithiasis 
are more difficult of explanation. They are often very remarkable, 
and may go so far as to lead to the evacuation of the calculi almost 
wtthoat pain. Whether this is the result of a simple increase iu the 
biliary secretion, or of a change in the character of the bile, or of a 
reflex action, we do not know. 

It is difficult to give a positive answer. The antiphlogistic action 
of the treatment appears to play a part in some cases in the pro- 
duction of the therapeutic effect. The removal of duodenal and 
hepatic congestion, the suppleness of the bile- passages, and the in- 
creased fluidity of the bile are all active factors iu the expulsion of 
calculi. 

The waters under consideration are also employed in diabetes and 
in obesity. 

Carlsbad is most popular among German sufferers from the former 
disease, and rivals Vichy ; but the results obtained are somewhat 
doubtful, for Kid/, Kratsehmer, Kretschy, Rices, and P. Guttmann 
did not observe any diminution in the sugar in the urine ; in some 
cases the treatment even aggravated the disease. 

Since the waters of Carlsbad have a more pronounced influence 
upon the functions of the digestive tract, particularly of the stomach, 
than the strong sodium bicarbonate waters, their use should never be 
counselled without having first ascertained the condition of the gastro- 
intestinal tube, whether the patient complains of indigestion or not- 
This precept holds good for all cases of diabetes and obesity. 

The sulphate waters of Bohemia arc, in a sense, specialized ; they 
attract the majority of olwse patients, and everything — the regimen, 
dietetic aud hygieuic, and the methods of application — conduces to a 
reduction in the bodily (at. This reducing treatment is carried out 
especially at Marienbad. 

As obesity has not a uniform cause, it is unwise to prescrilK 1 the 
reduction treatment indiscriminately to all cases. 

In receut years the effort has been made to set up Brides as a rival 
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resort of those of Bohemia. It is possible to obtain Bl Bride* 
therapeutic result!) but we must pot conceal the faet thai almost bc 
exhaustive atndiea bave been made upon all these waters, the mineral- 
isation of which is. both high and powerful. With the exception of 
a few mnrnrrhri on t he influence of the Carlsbad waters upon the 
fbnottOUfl of the stomach, the whole question of the physiological 
aeiion of the mixed sulphate waters remains obscure. 

TbeM Watfirt are also employed in the treatment of paludal 
cachexia and of certain neuropathic states. The chronic engorge- 
ment of the Spleen of malarial origin is relieved by the waters of 
Carlsbad or Murienbad ; while the neuropathic conditions, particu- 
larly those depending upon uterine discuses, are benefited by the 
treatment at Fran /.en bad, the effect of which is both tonic and sedative 

Before Concluding it is proper to refer briefly to a few groups of 
Wmttn which without constituting separate classes differ sufficiently 
from those previously considered to warrant their special mention. 

Arsenical Waters. The arsenical waters, although coiisidertd 
a distinct class by some hydrologists, notably by Le Bret, do not 
constitute such a natural group as the chalybeate waters. TJtMjf an? 
few in number and very complex in composition. The most rt^- 
markable of the group is La Bourboule, which, by reason of the 
targe quantity of arsenate of sodium that it contain? 
respond] ug t" 0.007 of arsenic), stands apart from other springs. It 
is rich in biearlwjuate and chloride of sodium, and in that respect 
resembles Saint Neclaire and Royat Cransac is next to La Bour- 
tmule, containing 0.009 oi' sulphide of arsenic, represxn: 
of arsenic We should also mention Hamruam-Meskoittine. in 
Algiers, with from 0.0025 to 0.005 of arsenate of sodium ; la Dom- 
inique of Aids. Iiussang, and Bouquet (Vichy). The watirrs of 
Plonibieres and Mont-Dore are too feebly mineralized to rank in 
this group. A number of arsenical waters are found abroad, the 
richest beiag the chalybeate sulphate waters of 
Lsvieo, i" the Tyrol. Tlie first contain nearly 0.10 of 
sodium : the second from 0.09 to 0.80 of arsenioas 

The water of Coort-Saint-F.tieone, in Belgium, 
(XOOOT oi'oixtiiato of sodium. 

The arsenical waters are reputed to possess the a 
properties as the pharmaceutical preparations of 
thvorvi Uyl view, anil is not in accord with the 
of Danjuy. The latter showed that the waters of La 
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administered iu large doses, did not produce tlie toxic effects following 
the use of equivalent doses of arsenic. In reality, the composition 
of these waters is so complex that every station possesses its peculiar 
and distinctive properties. 

At La Bourboule a large number of morbid conditions is treated, 
in some of which the administration of arsenic is certainly indicated. 
The usefulness of the waters of this resort is, however, very exten- 
sive, and depends, in part at least, upon other principles, and upou 
the temperature, which rises to 60°. At La Bourboule all forms of 
scrofula are treated, but the results are due rather to the sodium 
chloride than to the arsenic. Of dermatoses, the dry forms of 
eczema and psoriasis are especially benefited. 

Among the diseases of the respiratory tract asthma, both the dry 
and the moist, is favorably influenced by the waters of La Bour- 
boule. They are also of great value in disturbances of the haema- 
topoietic apparatus, in the grave anaemias, and in Hodgkiu's disease. 
Lastly, they are also employed in the treatment of diabetes. 

Nitrogenized Waters. Nitrogenized waters comprise those which 
serve for the inhalation of nitrogen, described in a previous chapter. 
They are very feebly mineralized. In the absence of precise knowl- 
edge of the rUe of nitrogen it is premature to establish a class of 
nitrogenized waters, the existence of which seems at the present time 
to be admitted only by Spanish authors. 

Iodo-bromide Waters. The iodo-bromide waters might be 
grouped with sodium chloride. Yet if this were done, it would 
be necessary to place apart certain waters, which are free from sodium 
chloride, but contain, in a total of 0.948 of fixed principles, 0.11 
iodide of calcium and of magnesium (0.00937 of iodine), and 0.04 
of bromide of calcium and of magnesium (0.0824 of bromide). 

Evidently it is scarcely possible to establish a special class with 
this as the single member. The Saxon water, which is largely 
exported, is employed iu tuberculosis and in certain skin diseases. 

Lithia Waters. The lithia waters comprise a rather large class 
of waters, having a variable compos! t inn and belonging to different 
groups. Lithium was discovered by Truehot in some of the waters 
of Auvergue, especially in that of Iioyat. As this base plays an 
important part iu the treatment of gravel and of gout, and, in 
general, in all the pathological states depending upon uricaemia, 
various hydrologists have attributed to it a large share in the 
results obtained in certain stations. 
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The following list is in part abstracted from the table of Trucbot 

and Fredet. 

Estimation of Chloride of Lithium. 

Mi lllfnmmeL 

Siuttetitj' (■. lithium) . . Ill 

Roy»l (Sillll Mtirtl . . » 

Cotleaiineiir ..... 35 

Let Roche. . . ...» 

S»lntAlyra ....... SI 

M*iUgno,«m do i'Oum - . SJ 

Chilel-fjiiyoa - ■ 

Saint NeoULrc 21 

Iji llourboulo ... 1* 

Mom Doib . . a 

HBliMbllrr(Heue) IH 

B»ly«tol (Hongrte) » " 

CJuelques sources de Badcti-Biideii IB " 

KlaUHiu et SiHbu . . J» (carbon) 



[AMERICAN MINERAL "WATERS. 

There is no country in the world which possesses as many mineral 
springs as do the United Slates, nor does any other region possess 
so varied an assortment. It is estimated that there are more than 
four hundred springs for which active medicinal power has been 
claimed, but of this total only a few, comparatively speaking, have 
been generally recognized by the public or the profession. It i- 
hardly necessary to add that the thera[>eutic measures employed in 
the application of these waters are practically identical, at least in 
general principles, with those of the European resorts. 

While the mineral Hprings of the United States are numerous they 
are by no means equally distributed, certain regions having a large 
number while others have none. Many of them are to lie found in 
close relation with the Appalachian Mountains in Xew York, Penn- 
sylvania, and particularly in the Virginias. 

The mineral springs of Maine belong to the so-called alkaliii 
saline, and chalybeate waters, the last hugely predominating. Son* 
are sulphuretted and a lew contain carbonic acid gas, but no thermal 
springs are found in this State, the average temperature varying 
from 40° to 4(i D F. It is also worthy of notice that very lew of the 
springs of Maine contain large amounts of mineral matters, nearly 
all of them being chemically indifferent. In New Hampshire the 
springs supposed to possess medicinal activity are not numerous, 
and, like those of Maine, contain small quantities of mineral water. 
In Vermont only a small number exist, and of those sulphuretted 
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springs are most abundant. There are no springs of any great im- 
portance in the State of Massachusetts, the most noteworthy perhaps 
beiug the Berkshire Soda Springs. One moderately thermal spring 
is found in Willianistown. There are no medicinal springs in Rhode 
Island, and those in Connecticut are of very little if any importance, 
owing to their feeble amounts of mineral. Most of them are chaly- 
beate and very feebly sulphuretted. In New York there is a larger 
number of mineral springs than in almost any other Slate in the 
Union; and not only is this true, but the springs arc of very great 
variety: many of them are sulphuretted, still others contain large 
amounts of mineral ingredients, such as salines and chalybeates, but 
there is no spring, so far as we know, which has a temperature 
above 75°. The most noteworthy sulphuric acid springs in the 
United States are found in New York. In New Jersey there are 
practically no springs of any medicinal value. In Penusylvauia the 
most noteworthy springs contain iron, alum, anil magnesium. The 
springs of Delaware and Maryland are not worthy of note, but the 
springs of Virginia are numerous and strongly mineralized. These 
springs are chalybeate or sulphuretted as a rule, as are also those of 
West Virginia, these two States containing an equal number of 
springs, practically, with the State of New York. The springs of 
North Carolina are also chiefly sulphuretted and chalybeate waters, 
but none of them arc of very great importance. This is also true 
of South Carolina, Georgia, and Florida. Alabama contains lew 
mineral springs, and these are most of them chalybeate or sulphur- 
etted ; very few are employed lor medicinal purposes. This is also 
true of the springs found in Mississippi and Tennessee, although in 
the latter State they are much more numerous than in those just 
named. In Kentucky there is a large number of springs which are 
also of very considerable medicinal value, the most celebrated being 
the Blue Lick Water, which is sulpho-saline, and the Crab Orchard 
Springs. The springs of Arkansas are not worthy of note except 
the celebrated Hot Springs, which are of the greatest possible value 
in the conditious for which thermal hydrotherapy is indicated. The 
quantity of water which is discharged from these springs is prac- 
tically unlimited, but the mineral ingredients which they contain 
have little to do with their efficiency. The springs of Louisiana and 
Texas have not been developed. In Ohio the springs are very 
numerous, but none of them are particularly efficacious. In Indiana 
the waters are mostly chalybeate or sulphuretted, aud this is also 



208 PHYSICAL AND NATURAL THERAPEUTICS. 

true of the mineral springs of Illinois. In Michigan saline and sul- 
phuretted springs predominate, while in Wisconsin they consist chiefly 
of alkaline, chalybeate, and calcic waters. The mineral springs of 
Missouri are very numerous and of considerable variety. In some 
portions of this Slate there are strong salt springs which have beeu 
used for the preparation of ordinary salt. 

There are no springs in America, so far as we know, which com- 
pare in strength or eftieacy to the sulphate of magnesium and sodt 
springs of Europe. Those springs which contain these salts are used 
tor the relief and cure of chronic constipation and the ailments 
ciatcd with it, such as hepatic torpor, gastro -duodenal catarrh, and 
obesity. They are also sometimes employed for the relief of kidney 
complications by unloading the system of impurities through ll 
bowels and by the diuretic power which they possess. Tln-y 
drunk freely, to the extent of several pints a day, in many eases, the 
most marked purgative effect being obtained if they are taken freeh 
before breakfast and with exercise; whereas, if they are taken at 
various times during the day, in small amounts, the purgative effect. 
is lessened and the diuretic effect is increased. 

Sulphur springs contain in addition to sulphuretted hydrogen, 
sulphate of lime and bicarbonate of magnesium in large quantity, 
with free sulphur, which is formed by the action of the oxygen of 
the air upon the gas, thereby producing the milky turbidity of the 
water (White Sulphur Springs). In Canada the Sandwich Spring and 
Charlottesville Spring contain remarkable amounts of sulphuretted 
hydrogen. The sulphur springs are much resorted to by persons 
suffering from obstinate catarrh of the gastro-intestinal tract, and 
are, without doubt, most efficient in many eases. Even in catarrhal 
states of the respiratory and geni to- urinary tract they are of value, 
and are employed by drinking, bathing, and atouiization. 

The saline waters are employed iu the treatment of gout, rheu- 
matism, anil the uric acid diathesis in general and whenever an aetr 
diuretic water is needed. The types of the springs supplying sin 
waters in America are to be found at St. Catharine's in Canada 
chloride of sodium spring), which is one of the strongest springs 
the world, its total salts amounting to 450 grains to the pint; and 
Saratoga in the Kissingcn and Vichy- 
Chalybeate springs are found at various places and often strongly 
impregnated with alum or sulphuric acid in addition to the iron 
which they contain. They are iiseful in cases of amemia and debility, 
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and when containing alum are peculiarly efficient when iliarrhcea 
complicates the case. 

The springs of the United States which are used for laxative and 
purgative properties depend upon numerous mineral iugredicuts. As 
has already been stated, there are no springs of great prominence in 
the United States that depend for their influence chiefly upon the pres- 
ence of sulphate of magnesium and sodium in the sense that many of 
the foreign watere depend upon these ingredients. There are many 
laxative waters, however, the most celebrated being those of Saratoga, 

There still remain two classes of waters to be considered, namely, 
those which depend for their activity upon the heat which they con- 
tain, and those which act by virtue of their purity and so wash out of 
the body many impurities by dissolving effete materials and flushing 
the kidneys. 

The thermal springs of the United Slates are used chiefly in the 
treatment of svphilis and skin diseases and for the relief of rheumatic 
affections. They are found in many places, but those most worthy 
of note are at Hot Springs, Arkansas ; Glen wood Springs, Colorado, 
and Hot Springs, South Dakota. Those at the former place have a 
temperature of from SI0° to 150° F., and both here and at Glen wood 
Springs there are ample bathing facilities and other means of obtain- 
ing the results sought after in similar resorts in Europe. 

The pure water springs of this country are used to flush the kid- 
neys and dissolve effete materials in the system. 

It is manifestly impossible to name or give the analysis of all 
American springs, but a number of the better known may be 
mentioned. 

The springs containing the largest amounts of Epsom and Glau- 
ber's salts are the Crab Orchard Springs, of Lincoln County, Ken- 
tucky, which are not only used at their point of origin, but also em- 
ployed in concentrated form in many parts of the country. An analy- 
sis shows them to contain, as the chief ingredients, from 20 to 2(3 grains 
to the gallon of magnesium sulphate, from 2 to 7 grains to the gallon 
of sodium sulphate, and from 3 to "grains to the gallon of carbonate 
of lime. The Magne-iuin Springs at Lied ford, Pennsylvania, contain 
39 grains per gallon of sulphate of magnesium, 100 grains of sul- 
phate of calcium, and 10 grains of carbonate of calcium as their most 
prominent ingredients. Spring No. 1 at Oak Orchard, New York, 
contains 35 grains of sulphate of magnesium and 7u grains of 
sulphate of calcium to the gallon, but in addition contains alum, 
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irou, and sulphuric acid in very large amounts, so that it ought sot 
to lx' classed a.- a purely purgative spring. 

Tin- saline purgative waters not depending upon sulphate of mag- 
iii >i 1 1 in 01 lodi tta niCTVWy numerous, and because of their rompoatjoa 
pOtMH ' onsiderahle •liun.-tk' power in many instance* 'l'«j ** 
typified liv Ifaa Saratoga waters, which arise from about thirty springs, 
several of which greatly exceed the others in medicinal activity and 
BUB. Tin' prim-Spill springs are the Champion, Congress, Hathora, 
Carlsbad, and High Rock Springs. The Champion Spring con tains 
:i- it- in. .-t active ingredients 702.24 grains of sodium oblarideta bni 
gallon, 227.7 grains of minimi bioarhonate per gallon, and 193.91 
grains of magnesium carbonate per gallon, the other ingredients being 
present in such small quantities as to be unworthy of notice. The 
Congress Spring contains .'134. 4 grains of sodium chloride per gallon, 
being therefore a much weaker spring in this salt thau the Champion. 
The Hathoru Spring occupies ■ mediate position between these two. 
ltiMiititins ,'iO!U»7 grains per gallon of sodium chloride, 170.65 grains 
per gallon of calcium bicarbonata, and 170.4G grains per gallon of 
magnesium bicarbonate. The High Rook Spring contains 390.13 
grains per gallon of sodium chloride, 131.74 graius per gallon of 
calcium bicarbonate, and 54.92 grains per gallon of niufliHMIHII 
bicarbonate. One of the most interesting of these springs is t 
so-called Geyser Spring, which contains a large amount of carl 
arid gas, and which spouts with very considerable forte. It couta 
562.8 grains of sodium chloride to the gallon. 

The method of drinking Saratoga water varies to some extent w 
the spring which is used aud the individual case, but the j 
rule when a cathartic effect is desired is to drink two or three glas 
leisurely early iu the morning, theu to take a brief walk, follow 
by another glass of water, aud half an hour later to take breakfast. 
Should an alterative influence be desired, a glass of the water is takea 
once, twice, or thrice a day. Should the patient suffer from catarr 
conditions or febrile movement, care must be taken that the water 
of the Columbian, Pavilion, and other of the Saratoga Springs o 
laining iron in considerable quantity should be avoided. 

The following table from Irwin's Hydrotherapy at Saratoga givi 
the relative strengths of the various springs. 

It will be noted that all these springs contain carbonic arid g 
thereby rendering their taste agreeable. The Kissengen and Yieh 
are less laxative than the Champion, Congress, and Hat horn. 
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Skeleton Analysis of One U. S. Gallon. 



Name of Spring. 



Total 
solids. 



Carlsbad 

Champion 

Columbian 

Congress 

Empire . 

Eureka . 

Excelsior 

Favorite 

Geyser . 

Hamilton 

Ha thorn 

High Rock 

Imperial 

Kissengen 

Lafayette 

Patterson 

Pavilion 

Peerless 

Putnam . 

Red Spring 

Royal 

Saratoga A 

Seltzer . 

Star 

Union 

United States 

Washington 

Vichy . 



1121 
1195 
408 
894 
680 
258 
514 
719 
991 
460 
821 
628 
270 
351 
1290 
518 
687 
419 
416 
255 
518 
657 
302 
337 
696 
331 
350 
367 



Total 
chloride. 



715 
742 
267 
577 
510 
166 
877 
454 
586 
297 
512 
399 
127 
152 
818 
281 
467 
201 
213 
90 
274 
565 
135 
145 
462 
150 
182 
142 



Total al- 
kaline bi- 
carbon- 
ate. 



400 
446 
130 
306 
163 

79 
124 
258 
400 
154 
305 
221 
140 
193 
463 
233 
210 
212 
197 
159 
236 

85 
160 
186 
228 
176 
158 
222 



Iron. 


Lithia. 


0.70 


6.70 


0.65 


6.25 


5.58 


••• 


0.74 


5.83 


0.80 


2.09 


3.00 


• •• 


3.22 


• •• 


0.47 


5.32 


0.98 


9.01 


5.39 


• •• 


0.86 


7.30 


1.48 


• •• 


0.10 


3.24 


1.56 


5.13 


0.76 


8.05 


1.22 


2.32 


2.58 


9.49 


i.03 


1.29 


1.08 


1.97 


2.10 


0.94 


1.23 


2.24 


1.72 


• •• 


1.71 


0.90 


2.51 


2.04 


0.27 


2.00 


. •• 


4.85 


3.81 


• •• 


0.06 


1.77 



Carbonic 
acid gas. 
Cub. in. 



713 
465 
272 
537 
644 
289 
250 
968 
454 
316 
491 
409 
287 
361 
810 
417 
332 
502 
405 

500 
212 
324 
407 
384 
245 
368 
383 



At Ballston, New York, there are no less than six springs which 
may be employed, one of which contains iron. The chief mineral 
ingredients are : sodium chloride, from 400 to 750 grains per gallon ; 
calcium bicarbonate, from 170 to 240 grains per gallon ; sodium 
bicarbonate, from 11 to 95 grains per gallon ; and lithium from 6.75 
to 7.75 grains per gallon. The waters at Ballston are used for prac- 
tically identical purposes with those at Saratoga. 

Of the chloride of sodium waters, the most powerful, as we have 
already stated, is that of St. Catherine's, in Canada, which is most 
commonly employed for purposes of bathing in the treatment of 
rheumatism, gout, and scrofula. Nearly every means of employing 
water in therapeutic measures are obtainable at this resort. 

The sulphur waters may be represented by the Greenbrier White 
Sulphur Springs of West Virginia, which contain as their chief active 
ingredients from 70 to 80 grains per gallon of calcium sulphate and 
from 20 to 35 grains per gallon of magnesium sulphate, in addition 
to sulphuretted hydrogen in considerable quantity, and are used for 
their purgative and alterative influence. They also possess some 
diuretic power. Other springs of a similar character are the well- 
known Sharon Springs in Schoharie Couuty, N. Y., which contain 
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calcium sulphate from 76 to 85 grains to the gallon, and sulphate 
magnesium from 18 to 22 grains to the gallon, in addition to c 
siflerable quantities of sulphuretted hydrogen. They arc used 
practically identical purposes as the Greenbrier Spring, althouj 
when a cathartic effect is desired, other more powerful purgatives mi 
be associated with them. Other sulphur springs of considerable im- 
portance are found at Richfield, Otsego County, N. Y. One of them 
is the While Sulphur Spring, which contains large quantities of sul- 
phuretted hydrogen (nearly 15 cubic inches to the gallon), and as its 
next most prominent ingredient about 112 grains to the gallon of 
calcium sulphate. Another of the springs at Richfield contains still 
more sulphuretted hydrogen, namely, 24 cubic inches to the galluii, 
but only small amounts of other mineral ingredients. 

In iron, alum, and sulphuric acid springs the United States excels 
Europe, the most notable being found at Oak Orchard, Naw Yui-k 
Rockbridge Alum, in Virginia, and Bedford Alum, iu Virgii 
The iron generally occurs in association with alumina, as in 
Rockbridge water, or with sulphuric acid, as in the Oak Orchard 
acid water. These waters are particularly useful in cases of chronic 
diarrhoea, with anaemia, especially of the chlorotic type. Analysis 
of the Rockbridge water, which is derived from springs Nos. 2 and 
4, shows the presence of 42 to 72 grains of alumina to the gallon, 
while the iron varies from a trace to nearly 5 grains to the gallon, 
and the sulphuric acid from a trace to 15 grains to the gallon, i 
cording to Mallet's analysis, the proportion of sulphate of alumi 
iu the gallon of spring No. 7 at Rockbridge equals over 81 graii 
the sulphuric acid nearly 5 grains, and the iron nearly 6 grain, Tl 
dose of these waters is about half a glass several times a day, Tlr 
Oak Orchard acid water contains extraordinary amounts of sulplmrii' 
acid, in some springs amounting to 135 graius to the gallon, in asso- 
ciation with large amounts of iron, as much its 82 grains to the gallon. 
Not more than two or three wineglasses of this water should be taken 
in a day. 

There still remains a large number of waters which possess dis- 
tinct diuretic properties, largely depending upon their purity for 
their activity. They are chiefly useful in the uric add diathesis. 
Chief among these should be mentioned most of the so-called lithia 
waters, many of which contain lithia in very small quant i lies ii 
instances. The most valuable of these pure domestic waters i 
ably ihe. Poland, of Maine, and the Londonderry Lithia Water 
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New Hampshire. There are two springs at Poland, one of which 
contains only 3.95 grains per gallon of solids in the gallon. The 
other contains as its chief medicinal ingredient chloride of sodium 
in the proportion of 4.85 grains per gallon, carbonate of iron 2.24, 
calcium carbonate 2.33, and potassium sulphate 0.90 ; altogether the 
proportion of solids equals 14.29 graius per gallon. The London- 
derry Water contains about 12 grains of calcium sulphate and 7 
grains of lithium bicarbonate to the gallon, according to Satterlee. 

Still other springs of this class of pure waters possessing diuretic 
properties are the Capon Springs of Hampshire County, West 
Virginia. The springs here are known as the Main and Beauty 
Springs. The first contains as its principal ingredients calcium car- 
bonate in the proportion of 8.33 grains to the gallon, sodium carbo- 
nate 0.59, calcium sulphate and silica 0.70, and 1.44 of magnesium 
carbonate. The second, or Beauty Spring, has 8.86 of calcium car- 
bonate, 0.63 of sodium carbonate, 1.27 of magnesium carbonate, and 
0.67 of silica. The water is also highly charged with carbonic acid 
gas, has little or no taste, and possesses a natural temperature of 
about 66°. 

Another spring of this class is the Bethesda Spring at Waukesha, 
Wis , which contains calcium bicarbonate, 17.2 grains per gallon, 
and magnesium bicarbonate 12.39 grains per gallon, as its chief in- 
gredients. — Ed.] 

Conclusion. We shall conclude this rapid survey of miueral 
waters by a few general considerations on the importance of the 
treatment by these agents. 

This treatment by the complexity of its component elements is 
capable of producing profound and lasting modifications of general 
nutrition. 

The success of the therapeutic effect renders the choice of a suita- 
ble place a problem of great gravity, for we must uot forget that an 
error may entail deplorable consequences. 

In order to choose wisely the following are indispensable data : a 
thorough knowledge of the patient, a precise diagnosis, and a clear 
conception of the value of the different resorts. 

In studying the patient great care should be taken to ascertain 
the state of general nutrition aud that of the digestive tract, as well 
as the power and character of the reaction of the patient's nervous 
system. 
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These are the three most important suggestions from the practical 
standpoint that have found place in this volumr. 

Aa regards the stations the choice is great, and more, could I* 
named than those already mentioned. In our opinion, it is far 
better to acquire a thorough knowledge of the principal resorts than 
to burden the mind with the entire list of mineral waters. There is 
a great advantage in a sojourn at a station of the first rank, of which 
the effects are best where the arrangements are the best, aud where 
the patients can find comfort, diversion, and, above all, competent 
medical advice. 

It is important to consider earnestly the specialization of each 
station. While, considered alone, it appears that every resort is 
applicable to a great variety of diverse conditions, it is none the less 
true that in reality it is superior only in a restricted number of cases ; 
sometimes it is especially appropriate to a certain form or develop- 
mental phase of a chronic disease. In rheumatism, In gout, and in 
scrofula and tuberculosis the cores vary with the different epochs of 
the evolution of these diseases. 

After the choice of a resort has been made the direction which the 
" cure" is to assume must be decided. 

Unquestionably the mode of administration of the waters and, in 
general, the conduct of the treatment are of the greatest importance 
in the results obtained. The same waters, according to the manner 
in which they are administered, intra el extra, are capable of deter- 
mining in the same individual very different results. 

The physician who is consulted in regard to the selection of :i 
watering-place will be able to indicate the character of the effects 
desired; but the immediate direction of the treatment, the details in 
regard to choice of methods, doses, etc., concern solely the pliv.-ii i:m 
of the station, whose supervision is always indispensable. 
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In electro-therapeutics, as in every other branch of therapeutics, 
our knowledge of empirical facta has always been in advance of 
scientific explanation, and to-day, in spite of the progress that has 
been made in physics, only a partial explanation can be given of the 
facts observed in electro-physiology and electro-therapy. 

We must, nevertheless, take account of these facts, even if they 
are not perfectly understood. We have, in fact, reached a sort of 
transition period. Electricity is better defined mathematically and 
physically than it used*to be. Our armamentarium, or the instru- 
ments which we use in electro-physiology and in electro-therapeutics, 
has been much improved, and thus we are enabled to state more 
and more precisely the conditions under which the reactions of the 
organism are manifested in response to electrical excitatiou. 

But, on the other hand, the complexity of the subject is such that, 
in spite of this improvement, the different problems of pure physics 
have not yet been perfectly solved^ and consequently the laws gov- 
erning organic reactions cannot be expressed as definitely as we 
should desire. 

This state of things, however, does not deter us from the study of 
electrization ; but, on the contrary, if possible, increases the iuterest 
of the subject. The physician, in fact, is accustomed, even more 
than is the man who studies pure science, to take account of empir- 
ically observed facts. The situation will merely oblige us to reserve 
our judgment with regard to certain explanations, which may be 
considered as still rather premature, of the complex phenomena 
developed by the application of electricity to man. 

We shall therefore consider electricity solely from the point of 
view of a practitioner of medicine, and simply cite those facts which 
shall be sufficient to enable us to make a judicious use of one of the 
most remarkable of therapeutic agents. 
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The tendency at present, especially in large cities, is to leave the 
application of tin's agent to specialists, who naturally arc better 
acquainted with the management of the various forms of apparatus. 
While not condemning this practice, which has certain advantage!, 
it is to be remembered that it is not necessary to be a profcajioml 
electrician in order to apply, properly and usefully, the different 
methods of electrization. It is necessary for practitioners in small 
cilies aud in the country to be able to put these methods into prac- 
tice, and their patients ought not to be deprived of the reaooreei 
which such methods frequently offer, and which are sometimes of 
considerable importance. 

Confining ourselves to the field of therapeutics, the facts that we 
discuss will relate mainly to electro-dynamics and electro- therapeutics 
properly so-called. We shall not have to dip deeply iuto the dim- 
cult and rather special questions of electro physics and electro- physi- 
ology, for the two branches before mentioned will suffice to give us 
all the facts that the practitioner needs, for the latter has to think of 
electricity as a sort of medicine, whose principal properties it is his 
business to be acquainted with. It is furthermore indispensable 
that he should know how to use a definite dosage, and one propor- 
tionate to the effects which lie wishes to obtain. 

We must know enough of electro-physics to understand the prop- 
erties of electricity, and the proper apparatus for obtaining, regulat- 
ing;, and measuring this agent in its different forms. 

Every modification of the characteristic properties of matter is pro- 
duced by some immediate cause — that is, in the language of physicists, 
by some euergy -change. If we study the subject carefully, we set- 
that every force, or modifying influence, originates from the trans- 
ference or trans format ion of some form of energy that was. prm iuiisly 
manifest. All these forms of energy are capable of transformation, 
one into the other, according to a mathematical law which we have 
already cited in speakiug of thermic agents. Take, as an example, 
the heat derived from coal, which, when transformed through the 
agency of a steam eugiue, becomes the energy of mass-motion. This 
energy expended upon a dynamo-electric machine gives an electric 
current which, according to the bodies upon which it is made to act, 
is capable at will of producing motion, generating heat, light, and 
causing chemical combination or decomposition. Such transforma- 
tions are daily realized and made use of in industry. 

Before attempting to define electricity it will be found desirable to 
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give as clear an idea as possible of what is called the ether. We 
know matter by its properties, as perceived by means of our senses ; 
in other words, the existence of any form of matter is to us ouly an 
inference from the phenomena to which it gives rise. By evidence 
of precisely similar nature we are led to believe in the existence of a 
medium called the ether } pervading all space and penetrating between 
the molecules of matter, which are imbedded in and surrounded by 
it as the earth is surrounded by its atmosphere. We cannot see, 
hear, feel, taste, smell, exhaust, weigh, or measure it, and yet all 
this, paradoxical as it may seem, furnishes absolutely no proof that 
it does not exist. Briefly stated, the proof of its existence is this : 
It furnishes the basis of the sole conceivable explanation of very 
many physical phenomena. 

These phenomena occur just as they would occur if all space were 
filled with intangible and invisible mediums capable of transmitting 
motion and energy, and we can account for all these phenomena on 
no other hypothesis ; hence our belief iu the existence of the medium. 
The evidence of the existence of ether is as strong and direct as that 
of the existence of air. The eye is an ether sense-organ just as the 
ear may be called an air sense-organ. The ether transmits energy 
in the form of waves set up by the vibrations of molecules and atoms 
of ordinary matters. The small portion of ether energy capable of* 
producing the sensation of sight we call light. That the medium 
surrounding a body charged with electricity plays an important part 
in the phenomena was shown by Franklin in 1748. It has since 
been shown in many ways that the various non-conducting mediums 
called dielectrics are really far more important than the conductors ; 
and that when a body is charged with electricity the ether in the 
vicinity is in a strained state, the character of which depends on the 
conditions. 

The idea that electricity is an incompressible fluid is found in 
the writings of Cavendish, but Maxwell by his investigations made 
the idea a part of scientific belief. 

Lodge offers a provisional hypothesis that the ether consists " of 
electricity in a state of entanglement similar to that of water in a 
jelly." But later he says : u We now proceed a step further, aud 
analyze the ether into two constituents — two equal and opposite con- 
stituents—each endowed with inertia, and each connected to the 
other by elastic ties; ties which the presence of gross matter in 
general weakens and in some cases dissolves. The two constituents 
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are called positive and negative electricity, respec lively ; and of these 
two electricities we imagine the ether t» be composed." 

We define electrification as a apodal condition of a body BS9M sfeed 
with or brought about by a separation of the ether constituents. Id 
all cases of electrification, therefore, we may assume the electric ether 
to be in a strained condition, from which it tends to recover by 
reason of its very great elasticity. 

The hypothesis of an ether and of the effect of its sires* in pro- 
ducing the electric state allows us to use the term electric fluid, whicli 
is convenient for describing certain phenomena. We must not att:n:li 
to this hypothesis more importance than it deserves, for a certaio 
number of phenomena ill accord with it. 

What it is important for us to keep in mind is that every body 
the electric state of which is uot zero possesses potential energy, and 
that in this condition it is in a position to accomplish work. 

Take, lor instance, a battery furnish iug a current of considerable in- 
tensity. In connection with the wire forming the external circuit is 
placed a fine platinum wire. When a current is passed through the 
circuit thus formed the platinum wire becomes heated and pre wfly 
you will see that it becomes incandescent. The electric current btf 
met with an obstacle, viz., the resistance of the fine wire; from this 
there results a transformation of energy at the point of obstruction. 
The energy of the current has been changed into heat and light ia 
this case, while under other conditions the same energy will give rise 
to the phenomena of motion or of chemical action. 

But whatever may be the theory as to the nature of electricity, tin 1 
law of the conservation of energy is all that is requisite for the com- 
prehension of electrogenesis; that is to say, of the various means of 
producing the electric state in bodies. These means are of three 
kinds — mechanical, chemical, and physical. Moreover, since the 
human organism is constantly the seat of physico-chemical phe- 
nomena, it must itself be considered as a source of electricity. From 
1 bis fact arises the great complexity of the phenomena observed both 
in physiology and therajieutics wheu an electrified body is placed in 
relation with the organism. 

All the sources of electricity arc utilized in medicine. Let us briefly 
indicate the different kinds of apparatus based upon the different 
methods of producing the electric state. 

In the first place, we may mention static machines, in which the 
electric state is obtained by mechanical action (friction), reinforced 
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frequently by a physical action known under the name of "influ- 
ence." 

In the second place, we employ varieties of apparatus giving rise 
by chemical action to a current (battery current), which is utilized 
either directly or after it has produced the physical effects denoted 
by the name of induction. 

Finally, we employ varieties of apparatus which produce induc- 
tion phenomena directly, and without the intervention of a chemical 
action — t. «,, do so by physical action (magneto-electrical apparatus). 

Let us now consider, for the present, in a general way only, the 
characters of the electric states which these instruments produce. 
We will thus take a brief survey of the principal qualities of this 
remedy which are placed at our disposal. If we attempt to appre- 
ciate these qualities by some of the effects which they produce, we 
observe the following facta : 

The static machines give rise to a wide diffusion of the fluid or by 
its discharge to effects having mainly a powerful mechanical action. 

The galvanic or battery currents produce mainly chemical effects. 
Thus we can see how the current produced by two large Galffe 
elements steadily decomposes the water in a voltameter. 

The induced currents have almost no chemical action, while they 
produce an intense mechanical action, which is clearly manifested in 
excitation of the nerves or muscles. Thus with an induction- 
machine we can excite energetic contraction in the leg of a frog by 
means of an agent which produces no effect upon the voltameter. 

It would then seem at first sight as if electricity was capable of 
appearing in various disguises and of placing in our hands agents 
which are manifold and distinct from one another. This, however, 
is not true. The electric state is always the same as far as its nature 
is concerned, but it is marked by a certain number of physical prop- 
erties, which, considered with respect to one another, are more or 
less predominant, according to the manner in which the electric state 
has been produced. In other words, the predominant J>fOp6ftiaa nf 
the electric state vary with the source of the electricity. 

When we have reoourse to mechanical action (friction), as in the 
static machines, the electricity spreads over the surface of hodies, 
and if they are good conductors it leaves them with extreme rapidity. 
Hence it is necessary to insulate these bodies upon which the elec- 
tricity accumulates, and from which it tends all the time to escape. 
The dominant property in this case is tension. 



When we make use of chemical action the electricity 
started, as we may say, with but little energy ; itfl 
the circuit is arrested by a comparatively alight resistauc 
flu; other hand, chemical action develops a gn 
tricity, which may l>ecorae the origin of other chemical a 
dominant property here is quantity. 

In electric states which originate an induction the < 
intermediate. We obtain by this means more quantity 
we employ mechanical action a3 our source of supply ; l 
tension is by far the predominant property, even in this 

Let us stop for a moment in a general consideration c 
jeet, to examine more particularly these terms tension at 
which it is of the greatest importance for us thorough!; 
stood. 

The word tension is no longer used in physics; the ter 
is employed in its stead. To the physicist potential i 
matical function defiued by means of an integral. Hut 
tion is abstruse; there is no reason why we should despair 
a precise idea of what potential is. 

Various comparisons can be of assistance to us in this 
the first place, we ran grasp the idea of the difference I; 
terms quantity anil potential by comparing a river wit 
gradual fall to a torrent. The latter has a small deli 
a high pressure; the former, in spite of its great deliver 
low pressure. The pressure in this case gives you our h" 
potential. 

Again, when we connect with each other two vessels fu 
but showing a difference of level in the two, this level i 
stored, whatsoever be the shape of the vessels; so, also, 
bodies of different potentials are connected with each othe 
ment of positive electricity from one to the other is always 

Potential, then, is to electricity what difference of I 
hydrodynamics. It is evidently independent of mass 01 
We may then speak of electric level or of potential. 

If we take an electrified body and attach it by a loi 
wire to a gold-leaf electrometer, the indication which the 
nishes will be the same, whatever point of the electrifie 
touched by the conductor, provided the conditions remain 
This indication is independent of the amount of the cht 
point touched. It varies only with the electrical state in 
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body may be. Hence it serves to characterize a particular state of 
the body, a state whicli manifests ilself by that something that we 
call potential. 

Potential, in other words, marks this eleetrieal state in the same 
way that the temperature marks the calorific stale ; and the electrom- 
eter serves to define potential numerically just as the thermometer 
defines the temperature. 

We take as the zero the potential of the ground, although the 
eleetrieal state of the latter may vary under certain influences. 
When above zero the value is said to lie positive ; when below zero, 
negative. Every potential is thus denoted by a number which is 
affected with the sign + or — . The scale is an arbitrary one, just as 
that of the thermometer is. Two bodies at the same potential are in 
a stale of electrical equilibrium. 

It is also possible to define potential in terms of work. 

Lastly, it must be noted that electrical phenomena depend upon 
difference in potential. In reality, these differences take their origin 
from the electrogenie force — that is to say, the mechanical, physical, 
or chemical action which disturbs the state of electrical equilibrium, 
nr, in ut her words, which combats the return of the electrified body to 
a stateof equilibrium. This force is called electromotive force. Keep- 
ing up our comparison of electrical with hydrodvnamic phenomena, 
we may say that this force is analogous to that which produces the rise 
of water in a pump, and, consequently, depends upou a difference in 
level or a hydraulic pressure. 

The electromotive force depend* essentially u|»on the nature of the 
action exerted upou bodies in order to break up their slate of ate> 
■ |iiilil>rium. In the CMC trf chemical KOttOfl it HUM \utli the 
affinity of the bodies for one another, and. cimsequentlv, with the 
internal composition of the bodies present. It results from this that 
for a given metal rind the same acid solution — that is, for the same 
chemical action — the electromotive force is invariable whatever is 
the amount of surface immersed in the liquid, or, in other words, 
Whatever the quantity of electricity produced. So, too, the lamt 

■broke of the piston always determines the same dlBenocs in level of 

the liquid, although the quantity of the latter will vary according tO 
the diameter of the body of the pump. 

The current produced in a galvanic battery results from a differ- 
ence in potential between the positive and toe negative pole, (tow 
if the positive potential is denoted by -+- 1 and Iba negative potential 




by — e, the difference, 2 c [= ( + <•) — ( — f)], represents tl 
motive force. 

Quantity, electrically considered, represents a totally 
quality from potential. It is proporlional to the quanti' 
ehauical or chemical energy expended in order in -I tl. 
motive force in action. 

Having considered these premises, let lis return to the i 
electrical apparatus ; wc shall now be prepared to nndnwli 
tlieir special characters. 

In an electrostatic machine the mechanical action which 
tlie generator of electricity gives rise to a very high alec 
force, and since the electric fluid spreads with great ease ov 
lector, aud the latter offers no resistance, we get from the t 
tive force a maximum effect — i. c, an electric state of high 
The result of this is that violent mechanical effects are pn 
spite of the ve.ry slight quantity of electricity involved. ] 
the machine can be discharged nearly instantaneously, 
reasons we call the static machines " tension apparatus." 

Induced currents have analogous properties. They ha< 
electromotive force, but the quantity of electricity which i 
rents represent is very slight. 

In the galvanic battery, on the contrary, the median i< 
gives rise to a weak electromotive force, and all the weaker 
for reasons that we understand later, we try to make us 
weak chemical affinities iu constructing tiie batteries. Con 
the current of a galvanic battery has a very low jiotcotial. 
chemical action develops a considerable quantity of electi 
latter depending, not upon the energy of tie electromotive 
upon the quantity ol the material consumed in the process, 
therefore, compare the battery current to a stream of liqui< 
down a gentle slope. 

When we use dynamo-electric machines, we find that tliev 
uish quantity currents, the quantity in this case depending 
amount of mechanical energy expended. 

If we interrupt the external circuit traversed by the battel 
by separating the two ends of the wires by even the slig' 
tance, the flow of electricity is stopped at once; aud,/«-r co 
possible to draw sparks several centimetres in length froi 
machine which is incapable of decomposing a single particle 

Induction machines manifest properties analogous to tl 
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static machines. For example, u Ruhmkorffeoil can generate sparks 
of some length without being able to accomplish any chemical work 
appreciable by the voltameter. 

Thi- rapid review of the properties of the apparatus which wc 
have nt our disposal shows us that the galvanic battery is a vast res- 
ervoir with a low pressure, and that the electrostatic machine is a 
reservoir of little capacity, but of high pressure. The electrical 
phenomena with which we have to deal depend upon these different 
conditions under which the electric current may be manifested. 

In order to make the reader understand the use that wc make of 
these different varieties of ap|>uratus, we must supplement the facts 
that we have already lOqnirod by some ideas with regard to rwidttna . 

When we make use of the galvanic current, the intensity of the 
work obtained depends, not only upon the baton already examined 
(tension, quantity), but also upon the resistance that has to be over- 
come. 

A comparison, which we shall borrow from Niandet, enables us 
to grasp readily what is meant in electrophysics by the term resist- 
ance. Let us imagine the case of a windmill. Here there are two 
mechanical elements present : on the one hand, the motor force, or 
wind pressure; on the other, the resistance involved in the work 
done. In this sort of machine there are two causes of resist :nnr. 
The first is represented by the useful work (the grinding of the mill); 
the second results from the mutual frit-lion of the parts of the ma- 
chine set. in motion. This latter sort of resistance is called passive. 

We shall find the same factors in the galvanic battery. An electro- 
motor force is generated in the battery ; the energy produced is used 
up in overcoming passive resistance and in doing useful work, vary- 
ing according to the manner in which the current is applied. The 

sive resistances are those which the current encounters in its pas- 

« through different parts of the circuit. When the hitler is con- 
tinuous with itself, or when the current is not made to puss through 
any form of apparatus adapted for doing work, them are no resist- 
ances, except those of the passive kind, which include the rcsistain* 
iu the external circuit and the internal Ifnri'ltnnfH of tin' battery*. 

To these various data we must add ouc more, that of hUnunty. 
By the term intensity of u galvanic current is mnnt 'he quantity of 
electricity passing through a conductor in one unit of time, t. c, in 

Owing to the determination of what ire called the electrical units. 
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the different factors which we have just reviewed can b* 
by values, in regard to which there is no* a UDivanal 
Electricity is thus a remedy which has become easy to n 
dose of. 

The work of agreeing upon the electrical units, beg 
British Association for the Advancement of Science, was 
in the year 1881 by the Congress of Electrician* whi 
the Paris Exposition. These units have been chosen 
way as to facilitate calculations, based upon the law ol 
servatiou of energy. They are derived from what is cnl 
G. S. ( centimetre- gramme-second) system. It is indispet 
the physician should become familiar with the follow! nj 
least : 

The unit of electromotive force, known under the name 
(from Volta), is nearly equal to the electromotive force in i 
cell. In batteries used in medicine, the electromotive i" 
from about 0.9 to 15 volts. 

The unit of resistance, or ohm (from the name of th< 
Ohm), represents the resistance offered by about 100 metr 
graph wire, 4 millimetres in diameter, or by a column o 
having a notion of 1 square millimetre, and a length of 
I'liirinntn.'s (about 1 metre). 

The unit of intensity, which formerly bore the name of 
now called the ampere (from the name of the French 
The ampere is the intensity of a current furnished by i 
motive force of oue volt acting against a resistance of on' 
that the unit of intensity corresponds to the unit of ele< 
force and the unit of resistance. A current of one ampere 
tremely strong, we reckon in electro-physiology and in electi 
by thousandths of an ampere. The thousandth of a 
(milliampere) is, then, as far as we are concerned, the tr 
intensity. 

To this list I will add some units, which practitioners 
use for, but which are employed all the time in electro-pfaj 
research. 

The unit of quantity, or coulomb, is the quantity of 
delivered by one ampere in one second. Thus one coulom 
ond represents a current of one ampere. 

The unit of capacity, or farad (from Faraday), is the caj 
condenser, which, when there is a differeuce of potential b 
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terminus of one volt, receives a charge of one coulomb. In physi- 
ology we reckon by microfarads. 

The unity of work, or joule, is of equal interest. In dynamics, 
work is reckoned in ergt. The erg is the work produced by the unit 
of Wee, or the dyne, when the point of application of the latter ia 
displaced through one centimetre. The joule is the amount of work 
represented by the product of 1 volt by 1 coulomb; it is equal to 111' 
ergs, or about fa of a kilogramme-metre. 

Power or activity is defined as the rate of doing work. If we take 
the time into consideration, we get the idea represented by the watt, 
or unit of jinwr, or activity. The watt corresponds to the activity 
when work is doue at the rate of one joule per eecoud. If it has 
not been possible for the reader to grasp all these preliminary, purely 
physical facts, he need not be alarmed, for we shaJl return to the more 
important of thetu later, aud study them more in detail. 

We arc now about to liecorae acquainted with the principal forms 
of efeotrieal apparatus, and you will recall the physical principles 
upon which they are constructed. 

Static Electricity. -Static ckctrhation represents the method 
that was the earliest known and made use of. After having been 
given up for some time, it has come into favor again. This renewal 
of favor seems really to be based upon sufficient proofs of its utility. 
In medical machines the kind of electricity called static — an im- 
proper term, as you will see — is. obtained Villi by mechanical action 
(the bringing of two bodies in contact and separating them) and by 
influence. 

The contact and subsequent separation ol' two dissimilar Ixwlies 
destroy the equilibrium of the ether, and thus electrify the bodies. 
This is a law which holds good generally, applying to all substances. 
The latter, however, are divided, according to the way in which they 
behave when electrified, into good ami bad conductors. The former, 
which include substances like the metals, communicate their electri- 
fication to other bodies that may be. In coated with them ; the latter, 
including substances like resin and glass, do not do so. In the for- 
mer the electricity is diffused over the surface; in the latter it 
remains where it is at first developed. 

It follows from this that, in order to collect frictional electricity, 
we must insulate good conductors by DMtOB of bid ones. The best 
insulator is glass, covered with shellac, ainl U that 

is used in the electrical machines. 

15 
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The human liody itself may be electrified, when il is ii 
being placed upon a stool with glass legs. Mere rnbbi 
enough to produce a charge, especially if the rubbing is 
cat's fur. Certain people, indeed, possess a special predii 
be electrified in this way, so that sparks can be drawn fn 

When a poor conductor, such as glass or resin, is eli 
rubbing, we notice that it has acquired the property o: 
light bodies. This very old and fundamental experiment 
things : 

1. An electrified body exerts, even at a distance, ai 
upon one that is not electrified. 2. Two bodies similar!; 
(i. p., in a similar electrical state) repel each other, while 
differently electrified (i. e., in an opposite electrical state) i 
other. It is not worth while to enter into details with 
these well-known facta 

An electrified body then acts upon neighboring bodie: 
duces a disturbance in their state of electrical equilibrium 
gives rise to new electrical states by producing the pi 
known uuder the name of injfueno*, or induction. This pi 
of influence is made use of in the best machine* employe. 
cine. 

If an insulated cylinder is brought near an electrified 
after touching the end of the cylinder, withdrawn again 
body, you can see by the aid of the gold-leaf electrosoup 
cylinder which has been subjected to the effect of iufluen 
mained electrified. As the electrified body has not lost 
charge, we may conclude that with a giveu electrical nif 
obtain a great quantity of electricity. 

Faraday has taught us (hat the quantity of electricitj 
by influence is equal to the quantity of electricity that 
latter ; but, as, iu order for this law to hold good, we mus 
consideration all the neighboring influences, the charge of 
electrified by influence is always less than that of the e 
body. 

The elect rophorus, the most ancieut of the induction m 
based upon this principle of influence. It is illustrated i 
You should certainly know the way in which it is use 
theory of its action. By beating the cake of sealing-wax « 
skin, we can charge the former wit ii negative electricity, 
wooden cover, lined with tin, to which is fitted an insulatii 
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restB by one face upon the cake of sealing-wax; its electrical equi- 
lihrium is disturbed, and the positive electrical fluid is drawn to the 
under side of the cover, while the negative is repelled to the top. If 
we touch the surface of the cover to draw off iulo the ground the 
negative electrification, we cau then lift the cover by means of the 
insulating handle, It remains positively electrified. This cover re- 
presents the collector of a static machine, from whieli we can produce 
a discharge. We can repeat this manoeuvre several times and obtain 
a series of discharges as long as the sealing-wax remains electrified. 







In addition to presenting these very simple principles, Attention 
must be colled to the facts regarding the distribution of electricity 
upnu the collectors. The charge remains upon the surface of the 
hitler and spreads over it, its method of distribution being regulated 
by the shape of the collector. The latter is almost always cylindri- 
cal, and, in this case, the electricity accumulates at its ends. If the 
collector has a projecting point, the electrical density (the quantity 
of electrification per unit area) becomes indefinitely great at this spot 
and the charge then escapes into the air. The layer of electricity, in 
fact, is kept upon a conductor only by the fact that the surrounding 
air acts as a bad conductor. It is just as if this layer sought to 
e on account of its self-repulsion, and was exerting ■ ODBttMti 
: upon the air about it This is what we call electrostatic 
. E\|>crimeiital facts have shown that at any point of the 
ciilli-ctor this pressure is proportional to the square of the electrical 
density. When the air is dry it is a bad MQductor, and conse- 
quently it allows the charge to stay where it is, except at spots where 
« are projecting points. But when the air is moist, it becomes a 
d conductor. This is I lie raUQB why static or induction machines 
do their work well only under certain atmospheric conditions; 
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that is to «ay, when the air is sufficiently dry, and when 
has a certain temperature. When the air is damp, mi 
conductors are cold, aqueous vapor condenses upon tfa 
the charges escape. 

Btatio Machines. Frictional static machines show, tl 
ularity of working; they are, so to speak, subject to c 
for this reason, we have been led to employ the principh 
in constructing machines. 

Medical electric machines are, therefore, of two trim 
machines and influence-machines. 

It is needless to say that all of these machines roqaa 
work to lie expended upon them ; i. <*., the interventki 
ant or of some machine to work them (gas or water-f 
motor), which costs something, and is more or less in t 

Machines which work by friction alone, and are eon 
the type of the Ramsden machine, are rarely used, 
great height* and consequently require a good deal oi 
often get out of order and lose their charge readily. 
Aithnis prefers a machine of this class, the oonstrnctio 
has perfected, because from it we can get a high tensk 
onlv a weak charce. 

Most practitioner? resort to the dielectric machines: 
workinc by double influence, the- two principal tvpe* 
represented by the Holt? machine and the Carre" mad 
mor has been practically employed only in establish 
particularly to electro- therapeutic* The icndencv n 
replace it by machine «»: tin ^"in>i!mrs: tvpe. 

We will, therefore £-vi :. de^crinti»ir. of the Oanv a 
machines. 

Tlv former is numbers! <:. ". . 1. aw: :;. accord inc t 
Ni. i mode, is mis; :ren■•^:l! ,, ■ i :*••»-; . i; »•. efficacious, 
pnrat'vcly modorati <'\7.-. . Tin* ma -:nn> 1- seeti in P. 
oinei drs-^rinti'ti • »* i; wjl s::fh - . ** *< xie theor 
th> ?> e^ implicates, an i. n-. :ii: ii- :^-ii:.. ( nw. nen 

Tht \\- m *\\ i.r th« ma -i.-n- > .:v:i^-- .. ; w. mi^n 
rurhts. ?vv piatf** - tiv «v J.::-* ? : - . ,;v , ,: pim 

tarjt meta. cv i-.no-: T-» "*»■• ■ : ':'\j:-.\^ :\r, i 

:i\icv. tlv i.'Wr: t-c t:r j :h— v.;.: . :- tie smal 

th» uiw: to: t!i- ■■■?»o:v.t- Ti:at- 

1'noi. thesr a\ks «••■ ]•:, ■»»\* « :■ :.»ie*. ^_ 
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vided with a winch and which turns the glass plate, is so arranged 
that the ebonite plate makes six revolutions while the lower plate is 
making one. 

The glass plate passes between Iwo friction cushions, which are 
attached to the wooden frame. 

Between the two axles, and on the opposite side of the ebonite 
plate, is attached a copper comb (e), which is connected with a small 
jointed conductor. 

Fw.it. 




A second copper comb (p) placed higher op on the same side is 
I mum i tad with the cylinder of the lttge conductor by a bearing to 
which is joined a supplementary inductor of ebonite, placed upon the 
other side of the caoutchouc plate. 

Tin uuchioe being thm imaged, it is our* to understand bow it 
works. 

The glass plate, King partially electrified, produce* induction in 
the first comb, K, through the ebonite plate. The negative (bud 
flows off by the points of the comb over upon the ebonite, while (lie 
comb remains positively electrified. 

The ebonite plate, being now negatively electrified] Hxerta an En 

ductive action upon these id eomb, P,and its reinforcing plate. 

The positive fluid which escapea from the points of the Ml I b 





Two vertical ebonite disks, placed parallel to each ot 
short distauce apart, turn quite rapidly aud in opposite 
Each disk bears metallic sectors, with a metal tongue in 
of each. 

Two conductors run diametrically across the disks per 
to each other and inclined 45° to the horizon, and in each 
so arranged as to rub against the metal tongues of the disk 
conductors are coouected with the ground, 

The collectors are represented by metal combs which c 
brace the disks at either end of the horizontal diameter of 
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they are attached to cylinders of large surface, mounted upon glasa 
legs. 

The machine is self-c hurling, it works at all times, anil Hoes not 
require any repairs. One of the collectors h charged positively, the 
other negatively. 

Let us now return for a brief space to the subject of the properties 
of the static machines. You are already aware that sources of elec- 
tricity, like friction and influence, develop great electromotive force, 
but little quantity. Static machines, then, are machines of high 
potential, a property upon which depends the reeombining power of 
the charges which is manifested in the production of sparks. 

For the same machine, when revolving with a uniform speed, 
the length of the sparks varies with the surface of the power con- 
ductors. When this is -mull, the spark is long, slender, sinuous, 
and frequently repeated ; but, when large, the spark is short, broad, 
straight, and less frequent. 

With a machine like that of Arthuis, which is of the Ramsden 
type, and acts by friction alone, the sparks are long, but are not 
capable of producing any great mechanical effect. The machines just 
described furnish a greater quantity of electricity and give rise to 
larger and more frequently repeated sparks. 

The spark, therefore, gives us an empirical idea with regard to the 
tension and the rate of delivery of a static machine. Its length 
increases in a simple ratio with the electromotive force, aud the fre- 
quency with which it is repeated depends upon the rate of delivery 
of the machine. 

This feet is the more important, because it is difficult to measure 
the charge of a static apparatus. For the latter purpose, in bet, it 
is necessary to have recourse to electrometers (Thomson's or Mas- 
cart's], apjianitiis which require delicate manipulation, and which can 
be need only by skilled aspen me liters. 

When we make use in therapeutics of a continuous application of 
the electric fluid (improperly called the electrostatic bath), we can 
measure the current employed by means of a very sensitive galva- 
nometer, an instrument which is likewise little adapted to practical use. 
IVArsonval, in experimenting with this, found that, with a Holtz 
machine having four disks, the subject who is placed upon an insu- 
lated stool is bathed, so to speak, by a current of electricity which 
has a negative potential of 3000 volts, but whose intensity reaches a 
value of only 1:40,000 to 1:25,000 of an ampere. 
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Thomson, using tin- Carre machine, lias (bond that 
may represent an electromotive force equivalent to tin 
battery composed of about 80,0* >0 Daniell elements woul 

In connection with static machines we sometime BM 
These are apparatuses constructed upon the principle < 
denser of Aepinus. Two plates separated by an insu 
(Fig. 25) represent two conductors arranged so that the 
one is increased to a considerable amount, which can be 
eulated. This is done without any increase of potential. 



ti 



The form of condenser which is usually used in static e 
is the small Leydeo jar (Fig. 26). The electricity BOOB 
this little device penetrates into the interior of the glass, 
often ohlain a succession of discharges rather than a singli 
In order to prevent the spark from passing between th 
on the inside and the tin coating on the outside, the gla: 
carefully varnished. It will also be well to select a jai 
long neck. [The Leydcn jar consists of a glass bottle li 
and without to a short distance from the neck with tinfoil. 
a cork in the neck of the jar passes a brass rod, one em 
is in contact with the inner coating of the jar, while the ej 
is in the form of a knob. Through this knob the interioi 
receives positive electricity from the prime conductor of a: 
machine; and as the result of induction the surface of 
charged with negative electricity. The jar is discharged 1. 
ing the inner and outer parts of the jar by a connecting i 

The electrical machines which we have considered r< 



little care. They ought to be kept carefully in a dry ch* 
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be well dusted. For the cushions of the Carrf machine and also for 
those of machines of the Rarnsden type, bisulphide of lin (mosaic 
gold, bronze powder) is used, thereby increasing the electromotive 
force and the quantity. Neat's-foot oil is used for lubricating the 
metallic surfaces which rub upon each other. 

In the rooms where the machines are placed it is well, if con- 
venient, to attach the chain that connects the apparatus with the 
ground to a water-pipe. 

The Carre" machine needs to be taken to pieces and cleaned from 
time to time. In doing this, we make use of petroleum for the plates 
and naphtha oil for the axles. 

The stool which serves to insulate the patient should be very 
carefully attended to. As (■■ the other accessories, their description 
will come in better in the discussion of electro- therapeutics, when we 
shall learn how to apply our different kinds of medical apparatus. 

Galvanic Electricity. The meet important method of generating 
an electric current is represented by cbemical action. It is realised 
in the galvanic cell, the invention of which, due !o Volta, dates from 
the beginning of the century (1800). 

Without giving a demonstration of the theory of the galvanic cell, 
we should, nevertheless, recall to the mind of the reader in a sum- 
mary manner the principles upon which the construction of this form 
of apparatus is based. 

When a zinc rod is plunged into a solution of sulphuric acid, 
hydrogen and electricity are evolved ; with the ordinary commercial 
zinc the action rs lively aud the bubbles of hydrogen appear ii|wm the 
zinc, from which they soon rise to the surface of the liquid. If, on the 
contrary, we use pure zinc, the cbemical action is weak, aud the bubbles 
of gas being less numerous remain attached to the surface of the zinc. 

If we proceed to immerse a plate of platinum or of nipper in the 
same solution, and in such a way that the second metallic plate 
taadbm the ainc, the action bmOBMB«urgetio,« in the case of impure 
/nil-, hot the bubbles of gas are deposited upon the platinum or cop- 
per plate. 

As soon as the two metal plates are separated this action ceases. 
From this first experiment we may conclude that the effect pn.li. I 
by the contact of the two metals explains the energy of the reaction 
in the ease of impure /inc. Each molecule of the latter constitutes 
a little battery by itself. 

Let us now arrange the two metal plates in such a way that they 




touch each other — not in the solution, but outside c 
that the action becomes as energetic as when the c 
between two parts that are immersed. 

If we place the tongue between two immersed meial 
latter gets an impression of a slight sensation accotupa 
development of a peculiar taste. 

If we place on the zinc a paper soaked in a solution ol 
iodide, and touch the paper with the second plate, a blue . 
duced due to the liberation of iodine. 

The effects thus obtained remain the same when, instead 
with the plates directly, we make the same experiments I 
ing even quite long metal wires. And in this case, if i 
two wires and place them near a freely suspended magnet 
we obtain at once a deviation of the latter. 

We may conclude, from these different experimental fac 
wires are the seat of a peculiar phenomenon which is t 
these different actions, including a physiological action 
tongue, a chemical action upon the potassium iodide, and 
cal action upon the magnetic needle. These phenomena 
the action of the electric current. 

When, then, two bodies capable of acting chemically 
other are placed in contact an electric curreut is prodw 
surface of contact. 

The bodies which are charged with electricity by this r 
charges of opposite signs. In the example given the zii 
positive charge, and the acidulated water the negative chf 
zinc being a good conductor, the electricity produced upo 
collected directly. To collect the positive electricity w 
in the liquid a conductor which is not attacked by the 
water; for example, a plate of platinum, silver, or carbon 

We thus obtain an electrogenic couple, to which we give tl 
cell. A number of cells in combination is called a bdtlerf. 
bodies which act upon each other are the element*; and som 
name element is improperly applied to the couple. 

We are in the habit of calling by the name of electro* 
the plates which are immersed in the liquid, one being the 
the other the kathode. 

The ends of the electrodes form the polar surface, and 
which start from them are called the rheophorea or m7iditct 

Quite often in electro-physiology and electro- therapeutics 
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of electrode is given to the parts of the apparatus in the circuit which 
are placed in contact with the tissues ; in order to avoid all confusion, 
it is better in the latter case to speak of rheopbore-ptales or rheo- 
phores, and to call the poles of the battery the electrodes. 

The sum total of the parts traversed by the current constitutes the 
battery circuit. It comprises the internal circuit and external circuit. 
In the course of the latter any apparatus upon which the current is 
to act — the tongue, iodized paper, etc. — is interposed. 

When the continuity of the conductor is interrupted or broken 
the circuit is said to be open; when the conductor is continuous the 
circuit is said to be closed or at work. Finally, the circuit is said to 
be nhorl when the conductor has little resistance, or one that may be 
neglected. 

Theory shows that the current in the exterior circuit passes from 
the positive pole — i. c, from the collecting plate — to the negative pole 
— t. e., the zinc or other metal attacked by the liquid. Within the 
cell, on the contrary, the current passes from the negative to the 
positive pole — i. e., from the zinc to the collecting plate. 

It must be noticed that the plate from which the current flows 
wit/tin the cell is called the electro- positive element, while the plate 
toward which the current flows in the liquid is the electro- negative 
element. On the other hand, the positive pole of the cell is the ter- 
minal of the electro- negative plate, while the negative pole is the ter- 
minal of the elect ro-pos'i five element. Thus the positive pole of a 
Zn-C cell is the C terminal, the current runniug from this point 
through the external circuit to the Zn terminal, and thence from the 
Zn plate within the cell to the plate, the Zn being electro-positive 
to the C. 

When the collecting plate is a sheet of copper we find the condi- 
tions that Volta had before him when he made his discoveries; we 
have a voltaic couple. 

The hydro-electric couple, of which we have just given a general 
idea, is almost the only one used in medicine. We shall confine our- 
selves here to the task of making ourselves acquainted with the dif- 
ferent kinds of oelb employed in electrotherapy and with the principal 
properties of galvanic currents. 

In practice we should try to secure for galvanic batteries two chief 
good qualities, namely, regularity and economy. 

So many causes hinder regularity of action in a battery that It 
s worth while to point out the most important of them. 
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In the Brat place, we find impurity of the zinc. Thi 
irregularity lias been demonstrated hy De La Rue's t 
As already stated, tlie action of pure zinc differs from I 
that is not pure. With the former no local current i 
between points upon its surface, and all the current tliat i 
passes into the interpolar circuit, the hydrogen being ev 
the collecting plate. With impure zinc, on the contrary, 
whole of the hydrogen is evolved upon the zinc, aud a la 
the chemical action is wasted. The action of the cell, how 
on whether the circuit is open or closed ; the zinc is consi 
out accomplishing any useful work. 

There are very serious reasons, then, in favor of using 
But pure zinc is very expensive and cannot be employ 
fortunately, an English physicist, Kemp, has -Ii-. <>\> r-^l 
gamatod zinc possesses the same properties. [Amalgam 
mats in coating the zinc with a film of quicksilver. — Ed.] 
of the latter is of the utmost importance in maintaining 
and economical working of the battery, and it is now ado) 
manufacturers. 

The two other causes of lack of constancy in the adit 
serious enough to require a remedy are the progressive < 
in the strength of the acid contained in the liquid, and the 
upon the copper of a layer of hydrogen, which canSBI tba p 
of the electrode. The result of this phenomenon is, that 
circuit is closed the current at once begins to diminish in 
and this occurs the more rapidly iu proportion as the resists 
circuit is less. When at rest the couple regains its original 

If we seek for the cause of this phenomenon, we notice 
the battery is working hydrogen is deposited upon the copp 
on the one hand, increases the internal resistance in each ce 
the other hand, diminishes the electromotive force liecati- 
motive force also develops at the surface and gives rise to i 
current (a current having a direction opposite to that of tl 
current). 

When cells arc joined together so as to be arranged 

teusiou or for quantity — an arrangement which we will 

preset! tly — the progressive weukeniug •.>!' the current dt 

polarization of the electrode not attacked is even more 

tii:in in the ia.se of separate cells, each cell being theu trave 

r current than that which itself produces. 




I 
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Manufacturers have directed their main efforts at removing 'this 
defect, and bave effected it either by surrounding the colleclmg-plate 
with a special medium having the power of absorbing the hydrogen, 
or by causing the latter to enter into a fresh chemical combination at 
the instant it is liberated. The carrying out of this latter method 
has given rise to cells with two liquids. 

But in spite of all efforts the problem has been solved only in an 
imperfect fashion ; there is as yet no cell that is altogether above 
reproach. 

We should select for medical batteries cells which work only when 
the circuit is closed and in which the polarization is reduced to a 
minimum. But besides these, we shall describe some others whi. h 
are set ajiart for certain uses. 

The best types of cells for medical 1>a(teries are those of Daniell 
and Leclancb6, more or less modified. 

The Daniel! cell (Fig. 27) is a two-fluid cell, the arrangement of 
which has been varied in several ways. Generally there are placed 




in the jar amalgamated zinc and a solution of Bulphorid Kid. 
In the centre of this is set a porous jar filled with a concentrated 
solution of copper Balpbflte in which is immersed a copper platl 
surrounded by a casing filled with crystals of copper sulphalc. In 
practice pure waicr is simply pumped into the outer jar. The abaso- 
i.Tii action oooaiate in the oxidation of the duo, the h y drogen thereby 
■tl free passing through the pin'ous jar and displedng the coppat 
from the solution, tbia latter being deposited upon the ooppn plate 
witlmiit altering Che nature of the oolleeting-plattt. 




Ill t!i is cell no polarization is possible. This OOUbUM 
is a very good one, and, as a mutter of fart, the Daniel I 
constant. As its electromotive force is approximated eqiii 
it often serves as a unit for the comparison of other cells. 

Together with these advantages it has its di.^advanfc 
solutions placed in the porous jar and in the outer jar be 
to mix, so that a deposit of copper is formed upon the z 
soon as this happens the cell begins to work even when ll 
opened. Again, after a certain time, the state in which tt 
are saturated is replaced by that in which encrusting sails i 
which cannot be prevented even when the edges of ihejan 
with paraffin. 

The modified Daniell cell, nevertheless, may bo employ 
trieians, and we can cite the combinations devised by 
capable of doing good servies. 




Trouve has modified this cell by omitting the porous ja 
by Callaud, aud has obtained a cell remarkable for its siraj 
its cheapness. (Fig. 28.) 

In the centre of a glass jar (a sort of crystallizing j* 
copper wire, one eud of which, rolled into a spiral, rash llsit 
the bottom of the jar, and the other end forming an ui 
jecting tip, which is insulated by being surrounded with 
glass protector. The ziuc is set in the edge ot the jar ii 
"fa large ring. Crystals of copper sulphate are then put 
jar is filled with water. At the end of a certain time the I 
of the solution is saturated with copper sulphate aud the i 
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with zinc sulphate, which is lighter. Nevertheless, in spite of the 
difference in density of the two solutions, a partial mixture takes 
place by diffusion, so that some copper is deposited upon the zinc, 
and the cell works all the time, whether the circuit is open or shut. 
In spite of tliis disadvantage, the cell does good service when it ia 
intended to be worked continuously or nearly so. 

The second kind of Trouve cell that is derived from the Daniel! 
cell is the moist battery (Fig. 29). The electrodes, zinc and copper, 




are separated from OKA other by a series of wads of bibulous jwper. 
The set next to the copper is impregnated with a strong solution of 
copper sulphate ; the wads on the zinc hide are wet with a weak 
solution of zinc sulphate. 

A ceutral -.hank made of red copper, Holdervd to the lower or 
copper electrode, pasnes through the wads, from which it is insulated 
by a covering of caoutchouc, and is suspended from :i cover of Hlate 
or ebonite, or simply from a cork stopper. A lateral rod oomnnrai* 
eates with the nine. 

When the cell is dry it is quiescent. To set it in action we dip 
the whole oollecti >f ehctTodai and tndi in inter, then b i the 

latter drain oil', and clow the jar. The cell thtu ksefM dUBD fbf 
quite a while. It slioWB gRAl OOMtMHJ ami hut* ftr a long time. 
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But it has greater resistance than tells with a free liquid, a 
which, however, we can vary at will by increasing or di 
the distance which separates the electrodes. 

In Germany the Paniell cell, as modified by Siemens ar 
is quite often used. This combination has the disadvanta 
■eating a very great resistance. 

The Leclauch£ tyjw of cell is one with a single fluid ; 
extensively used and is very well known (Fig. "■" I b 
contains a concentrated solution of ammonium chloride (sal 
of commerce) and a rod of amalgamated zinc. In this jar is 






a porous jar containing a piece of gas-earl>oii, HUToanded 
lated binoside of manganese well heaped up. ijuit.' 
porous jar is replaced by plates of binoside of rnangan 
agglomerates, by which the carbon is siirrouuded. 

This cell presents the disadvantage of producing inertis 
which only partially disappear when the edge of the jar is c. 
paraffin. But it works only when the circuit is closed, 
quite economical. Theoretically, there is a formation of xin 
ammonia, and hydrogen; but, as a matter of fact, tin 
action is more complex. The evolution of ammonia isadiai 

The Leclanche cell has been modified advantascuiii-K by 
and Gaiffe, In the Gaiffe model (Fig. 31 1 the nt rod is 
in a 10 per cent, solution of neutral zinc chloride free 1 
The agglomerate ]x>rous jar of the ordinary battery is r 



y battery is rep 
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hollow carbon cylinder, which serves at once as a |H>roits jar and a 
collecting- plate, and which contains superimposed layers of binoxide 
of manganese and powdered carbon. The annular space included 
between the glass jar and the porous cylinder is closed by mastic, 
except at ihe point where the zinc penetrate*. Thecarbon jar, being 
open, can Ih. p emptied and recharged whenever the binoxide of man- 
ganese is exhausted. A simple washing out with hydrochloric acid 
restores its porosity by freeing it from the oxide of zinc which has 
been deposited upon it. 

The chloride of zinc is very soluble and deliquescent ; there is no 
formation of in or us ting salts. Moreover, this deliquescence, com- 
bined with the fact thai the glass jar \~ stoppered, prevent* almost 
altogether the evaporation of the liquid, and thus insures a regular 
working of the cell for quite a loug time. Oxide aud oxychioridc 
of zinc are formed if the zinc is well amalgamated. 




The electromotive force of this cell is 1.35 volts; its internal 
resistance is 6 to 8 ohms, which falls to 2 or 3 in tin- BfdioiD-elflad 



The batter; of Warren de la Hue, modified by GaHfe (Fig. 32), h 

composed of small cells, constructed as follow! : An ebonite jar, ST, 
i by a screw-top, a h, to which ere attached the etam 
pie, consisting of amalgamated sine, /-, and a plate of fused 
ohloride of silver, y. contained in :i cloth ban ta i iQves band, A 
i^hion of bibulous paper, waked In ■• B percent wlutiot 
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chloride, or ammonium chloride, \& placed between the 
serving lo keep them the proper distance apart The 
may be replaced by a liquid, which is thrown away aftt 
ation. This latter variety of cell is filled at the time of 
the liquid, which in this case may be brine. 

This very portable battery may be osed to supply t 
current for au induction apparatus; but the model wl 
freely circulating fluid, requires to be used frequently. 

Marie-Davy has shown that mercuric sulphate cau 
make cells of great service, but small size. It is on tl 




that Gaiffe has constructed the little tray-bat- 
tery which is used to run his small portable 
induction apparatus. This battery (Fig. 33) is 
composed of two or three very small cells, made +g 
of carbon and zinc, with platiDum connections, 
and mounted in a small hard-rubber tray. A 
pinch of sulphate of mercury and a little water 
supply the charge for each cell, a charge whh-h 
has to be renewed at each application of the 
battery, but which allows of a period of work 
lasting for more than half an hour. 

Trotivf; has likewise utilized the sulphate of 
mercury in his hermetical or inversion battery 
(Fig. 34), which is very portable. A hard-rubber 
cylindrical case is closed by a screw-cap, to which 
is fitted the zinc To the wall of the upper part of 
attached the other element (earlwii or platinum). The c 
filled with a saturated solution of acid sulphate of niercur 
the cell is set right side up it is quiescent, the zinc being 
the solution ; but when the cell i- turned upside down it i 
action. 

Among the bisulphate of mercury cells we shall cite 
apparatus, used by him in the construction of his m*dic 
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(Fig. 35). It is so arranged that the zinc and carina elements are 
immersed in the liquid only at the moment when use is to be made 
of them. A rod serves (0 raise the platform upon which are the 
jars containing the solution of sulphate of mercury. This prevents 
the con sumption of the latter in the intervals between the applications. 

Furthermore, the jars contain a cork cylinder, which, when they 
are not working, closes their upper orifice and prevents evaporation. 

We have yet to describe the bichromate of potassium cells devised 
by Poggendorf. They are used for various purposes. 

The Gre.net cell, or bottle-cell (Fig. 36), which is a good deal used 
for running induction apparatus, is closed by a hard-rubber screw- 





i-ap, A, bearing a pair of cariioii -plates, 0, Between the two ovbosi 
is tin* zinc, attached to Uk slidJug-slial't, t, whien panra through iIm- 
centrc of the cap. Tin- zinr Is ininiiTscd in the battery lluid at the 
moment of using, by pressing on the button, r. M M to did* tbt 
shaft down into the bottle; the shaft being mined again nfto tut 
application of the cell. The following Bolatioo is used as a buttery - 
tluid : 



( ..1 potMBlU 

Sl.l|,|lLtH. imi.I 



i ooo grtsinHW. 
lOOtolOfi " 

aoQio iso " 



A eoncaitratftd solution of chromic acid may lino be employed, and 
- us to avoid any manifestation of the ■nlphtnic noid. 



2U 
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The Grenet cell is really n two-fluid cell. Ithaagi 
motive force (more than - volts), bat beoonMB ca-ily po 
runs down quickly, so that wc use it only when 
quite a strong effect ("or it short time. 

Chardin has devised a small cell which is couvenient I 
an induction apparatus. (Fig. 37.) It is divided into t 
tight compartments : one, A, is designed for the reeeptjoi 
when the battery is not working; another, B, contains 
C, and n battery fluid resembling that of the Grenet cell, 
is desired to stop the cell from working the zinc is p 
special compartment, and a rubber stopper seals herai 
orifice of the compartment containing the fluid. 



M 





Chardin also uses for bichromate cells an arrangemen 
cells a circulation cell. (Fig. 38.) Two jars— one abovi 
the elements of the cell, and one below containing the bat 
are connected by a tube, which starts at the bottom of tl: 
and dips down into the fluid. The lower compartmcul 
cates with the external air by a shaft, to which is fitti 
tube, tbat may or may not be furnished with an inflatii 
stopcock. Every charge of air driven into G acts upon 
the lower jar and makes it rise into the upper compartme 
comes into contact with the elements of the cell. ThU 
fluid can be checked at any point whatever. 

We will point out later those batteries composed of 
cells that are designed to furnish quantity currents. 
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We have now become acquainted with the principal arrangements 
for utilizing chemical action directly. Some years ago investigators 
made an important step in advance by devising an apparatus which 
admits of utilizing the polarization of the electrodes a.-* a source of 
electricity. 

The name of accumulator is given to the secondary cells in which 
the current is developed by polarization of the electrodes. These 
accumulators, the construction of which has recently been much 
improved, are of service in cases in which we require calorific or 
luminous effects. The priuciple upon which they are based is that 
which we discussed when speaking upon the subject of the polariza- 
tion of electrodes. [They are often called storage batteries.] 

Every time that we produce chemical work in a cell a pfOOCM of 
polarization is set up upon the surface of the electrodes. Suppose, 
for instance, we make a galvanic current act upon a voltameter, aud 
at the end of a certain time connect the electrodes of the voltameter 
with a galvanometer. We shall then be able to detect t In ■ existence 
of a current the direction of which is opposite to that of the original 
current. The voltameter, accordingly, has lieen charged, aud its 
eteotrudM aeqnentiy arc capable of developing a current 

In a genera! way an accumulator is such a voltameter. The ele- 
ments, which are thus liherated upon the surface of the electrodes, 
rcrombiiic when the hitler arc put in connection hv ebbing the cir- 
cuit, and then give up the electric energy which they had absorbed 
at the moment of their di -com position. 

The first accumulators were voltameters with platinum electrodes. 
In 1859 Plants made a considerable stop in advance wbeu be die- 
BOWed thai we get much letter results if we use lead platen tor 

etatrodee, 

The Plante accumulator (1'ig. 89), which is still made dm of by 
Ti'nnvi-. k compose"! of two leaden plates rolled spirally and parallel 
tn ( :i'l i other and kept apart by rubber-bande, which are rolled in 
v.irli tin in The plates dip in a bath made of a 10 percent, solution 
of sulphuric acid. In the lid is a hole which seiv.s to renea the 
lh|iiiil and to allow the escape of gas which may be evolved daring 
tbf ptM [8 of the charging current. The charge is obtained by ■ 

current li any source imt too strong and having an electromotive 

force of more than 2 volts. The current, by decompoalog the wln- 
tion, causes a deposition of oxygen upon the positive plate and at 
hydrogen upon the negative plate. In the former ism peroxide of lead 
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(PliO,) ia formed ; iu the latter ease, oo the other hand, any oxide 
which may lie present upon the surface undergoes reduction. We 
prepare the cell — /'. e., impart activity to it — by [wssing through it 
successive charges in opposite directions, ending by sending a cur- 
rent through it which has the same direction all the time. Such a 
cell keeps charged for several days. 

The accumulators at present employed are iu general made with 
lead electrodes, which, by being melted aud run into moulds, are 
given the shape of an open-work gratiug. In each of the compart- 
ments of the negative plate is placed some minium {red lead), while 
those of the positive plate are filled with litharge. The plates are 




set vertically in jars composed of some insulating material (glass or 
hard rubber), and are separated from each oilier by sticks of cane or 
by rubber rings. The jars are filled with a 10 per rent, solution of 
Balphnric acid. While the apparatus is being charged the hydrogen 
produced goes to the positive plate and reduces the litharge, with the 
formation of metallic lead. The oxygen coining into contaci with 
the rod lead upon the negative plate, converts it into lead dioxide. 
The accumulator is fully charged when free gas is evolved, instead 
of l>eiug taken up by the electrodes. 

It takes less time to prepare and charge these accumulators than 
it does for the previous variety of Plant*-. 
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GboICS '"' a Medical Battery. These beiog the various 

elements which may be employed in tlie construction of latteries 
designed for different medical purposes, it now remains to select from 
them such as arc suitable for each of tliese purposes, and to arrange 
them into different forms of apparatus whose properties and value we 
shall be able to ascertain. 

In practice electricity is used either for making applications to the 
human body, the resistance of which it has to overcome; or for the 
production of calorific or luminous effects. These two distinct ob- 
jects arc attained by means of distinct forms of apparatus. Let us 
consider first the question of the medical battery, properly so-called. 

Id order Xa select our elements properly and to arrange them in such 
a way as to secure the effects we desire we must acquaint ourselves 
somewhat more thoroughly with the properties of the electric current. 

Let us take the case of a cell. When the circuit is open the poles 
of the cells have a certain potential difference which depends upon 
the electromotive force, E, and which we can determine by means of 
the electrometer. If we cliee the circuit by interposing a tin-foil 
condenser — an apparatus which we shall describe later — a rupture ot 
equilibrium is produced until the difference in potential of the two 
armatures of the condenser is equal to the electromotive force ot 
the cell. 

A rupture of the state of electrical equilibrium can also be obtained 
by connecting the poles by means of a conductor. But in tlii-i OM 
the equilibrium is not re-established, the conductor tends fco sflbal I 
disappearance of the difference of potential, while the clcctnnm.i iv.- 
bive tends to maintain this force. 

The conducting wire, hence, acquires new properties ; it becomes 
the seat of a current, the direction and inUn-tty, I, of which can be 
defined. 

Furthermore, the current meats in it- passage s eertuD rasiotanop, 
R, depending on the length, size, and material of its conductor, so 
tlnit there i> ;i gradual fall of potential from one pole to the other 
(then the circuit is closed. 

Designating this resistance by It, Ohm's law, the intensity equals 
electromotor force, E, divided by the resistance, n i|inisan <1 by the 
formula 

E 
R 



I = 



E = IH. 
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This » the oust important formal* of elec t ri cal 
the practical units p rev ious ly defined, are may 
in the following terms: the intensity of a current 
ampdres is equal to the quotient of the electromotive fb 
in volts, by the resistance of the circuit exp r e ss ed in oh 

Suppose that the resistance is invariable and the corn 
Then in each unit of time the electromotive force will 
raise a quantity of electricity to the height, E, and will 
amount of work equal to EI. This work done per sec© 
a power, P. That is, P, expressed in watts = EI, or 
the value of E = IR, P = ML As has been already poi 
is determined, as in the case of the power developed by a 
by two factors, the volume of discharge (I) and the heigl 

The quantity, Q, being the amount of electricity 
a second of time, T ; Q = IT, or the quantity in oouloi 
lated by multiplying the current strength, expressed in 
the time, io seconds. 

When the cell is connected simply with itself — i. e 
circuit, the resistance of the conductor is practically aei 
resistance, R, is represented by the internal resistance oi 

But when things are so arranged that a certain amour 
work is done, the current encounters in the external circi 
less notable resistance. 

The factor, R, combines, then, two terms, which are usi 
by /•, or the internal resistance of the cell, and R for 
resistance of the circuit. 

If we take these 1 two fractional parts of the total re 
account, Ohm's formula becomes 

i- E 

•M-R 

The introduction of resistance results, therefore, in t 
of the intensity, and this resistance may become grea 
reduce the intensity practically to zero, i. e. f to make it 
for the performance of any work. 

AVc can make this fact obvious by connecting a eel 
with a galvanometer and a voltameter. 

Suppose we put a Daniell cell in connection with a ga 
We get a deviation of the needle indicating an inter 
tof. A. (milliamperes). Now let us pass the current thn 
jalvanomcter and a voltameter. The galvanometer n« 
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deviated scarcely at all, aud there is no electrolysis produced id the 
voltameter. 

As a matter of fact, this is what happens. The internal resistance 
of the cell being 8 ohms, and that of the voltameter 1000 ohms, we 
have from the preceding formula (the electromotive force of the 
Daniell cell being 1) : 

1= - — = 0.000992 ampere, 

8 + 1000 F ' 

or less than 1 milliampere. 

The resistance offered by the human body being greater than that 
of the voltameter, it is necessary to have forms of apparatus capable, 
when there is a certain resistance to be overcome, of furnishing the 
proper electromotive force for the purpose. 

This is the object that is effected by the various arrangements of 
cells. The formula shows that this coupling, when employed for 
medical purposes, ought to be so done as to produce relative increase 
in the electromotive force as compared with the resistance. The de- 
sired effect is obtained by means of the arrangement in series, i. e., 
that in which the positive pole of one cell is joined with the negative 
pole of the next. 

If we connect in this way two cells which, taken singly, are with- 
out action upon the voltameter, we may now get an energetic chemi- 
cal action. What have we succeeded in securing by means of this 
arrangement ? 

By coupling the cells in series we multiply the electromotive force 
by the number of cells ; a force, E, for one cell becomes n E for n 
cells. So, too, we multiply the internal resistance by the number of 
cells ; r becomes nr. But R remains the same. Hence we have 

1= nE 
nr +~R 

or 

I=_ E . 

r+ R 

n 
The denominator having become smaller, there is produced a 
notable increase in the value of I. 

In the example that we selected, we have 

I == _ 2 . __ = 0.0019 ampere; 
2X8 + 1000 * 

i. c, nearly 2 milliamperes, instead of less than 1. 
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A second method of coupling in represented by the art 
for quantity. This is produced when we join Itbc dectn 
Zinc with sine, and copper with copper. This i§ called am 
muHipk tire. 

The same formula shows us that thin, kind of coupling gi 
crent result from the former. Here the electromotive fore 
the same, hut the internal resistance is divided by the uumbt 
The coupling for quantity is equivalent to the employment c 
cell of the same electromotive force, hut of larger Hurfiub 

- E 

" r+R' 



1 = 



lent ( 



If in this case the external resistance be great, we shall \ 
the example that we had before (of a Daniell cell) : 



I • 



1 



-- 0.000995 ampere (= 0.995 M 

With a single cell we had 0.992 M. A. Hence the incr. 
tensity in this ease is insignificant. It is no longer so wh< 
ternal resistance is slight. For simplicity let us neglect this i 
R. Then in the coupling for tension we get 

.E 



1 = 



d R 



or the intensity remains the same ; in thect-up'.ing for 



quant 



DM 
ex 



The intensity is here considerably increased ; it is doul 
we use two cells instead of one ; from £ of au ampere it I 
— i. e., from 125 M.A. it rises to 250 M.A. 

We may conclude from this that when we have to use oi 
for overcoming a large external resistance we should an 
cells iu series, and that, on the other hand, the Mug 
quantity must be chosen when the battery will have to 
only a weak resistance. In certain cases we might need 
method of coupling, which consists ill arranging groups o 1 
series, the cells of the separate groups being arranged for q 

By the aid of these data it is possible lo show what pr 
medical battery ought to possess when it is designed to a< 
a certain known result and at the same time overcome quit 
external resistance. 
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Let us coDaitler once more the formula 
1= !* . 

w4-B 

This shows, in the first place, tlmt the sella of a medical battery 
shoutd have a certain electromotive force, in order that the number 
of these cells shall not become too great and the battery itself con- 
sequently too cumbrous. 

In the second place, it renders apparent the necessity of choosing 
cells which do not have too great a resistance, since in this ease, too, 
the number of cells would have to be large. There are, in fad, cells 
of less resistance which, for the same number of them, afford the 
greatest current strength. 

The resistance of the human body Iteing gnat, the battery, in order 
to obtain a current whose intensity can be varied at will from 1 to 
about 35 milliamperes, must contain quite a large number of elements. 
Writing our formula in the second wav, we have 

i * . 

r+K 
n 

It can be seen at a glance that if the external resistance !x' large 
compared with the internal, the intensity will increase nearly with 
the number of cells, since the denominator becomes smaller in pro- 
portion as n beoomea greater. 

The number of cells necessary will lie smaller in proportion as the 
internal resistance of each cell is weaker. And, indeed, the smaller 
r i- the greater will be the intensity of the current for the BMH 
number of cells. 

We may therefore enunciate the following ciiiicltisimi- : 

To make up an ordiuary medical battery we should select cells 
having quite a considerable electromotive force (from 1 to 2 volts) 
and a weak internal resistance, and should arrange these cells in 
series or multiple arc in sufficient numbers to obtain a current of the 
desired intensity. 

Theoretically it would seem advantageous for the cells selected to 
have a great electromotive force. Hut in practice it is n.-ccssarv lin- 
os t" be able to vary the intensity of the current progressively while 
the rtsittince remains the Batne. The reader will understand that 
ordinarily we vary the intensity by bringing into use a constantly 
increasing number of cells, and that often the switches take mi these 
■ lis in pairs (i. <■., 2 by 2|. 
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If the electromotive force of each cell were too great, it 
impossible to increase the intensity of the current gently an 
shocks. 

It still remains to say a word about what are called " te 
teries," the use of which has been recommended by some f 
The latter at one time thought that in order to obtain the 
useful effect from a galvanic current they had to select cell 
electromotive force and great internal resistance. What 
think of this sort of arrangement? This question has be 
decided. Our preceding formula shows that elements of 
tromotive force and great internal resistance, when arrange 
give a current of weak intensity. Such cells, when the 
closed and offers more or less resistance, can furnish a 
appreciable intensity only when grouped in considerable 
But the properties of an arrangement of this kind are 
peculiar, and this fact should be known. 

When the battery is composed of a great number of eel 
electromotive force and of great resistance it presents the 
of having in open circuit a high potential-difference betwef 
and of producing at the moment of closing the circuit a 
fall of potential. Hence at each closure of the circuit the 
duced discharging effects which are more marked than in 
cells having the opposite properties. It is perhaps for 1 
that certain practitioners have ascribed to this kind of bat 
marked physiological activity. 

The formula} with which we have become acquainted 
this fact clearly. 

If we denote by e the difference of potential between th» 
of a battery of n cells in series, this value is equal to n E; 
ing to Ohm's formula, 

T n E 

~~ nr+R 

ore = nE = Inr + IR. 

This means that the total electromotive force may be 
as partly employed in driving the current through tl 
resistance R, and partly in driving it through the interna 
r. This latter part is called by Thompson the lost 
remainder being the useful volts, which would be met 
voltameter set between the terminals. If we call tfa 
volts e', we may write e' = IR ; whence e — e* =» Ini* 4 
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ference between e ami e' will increase in proportion ;is n and r 
become greater. 

If we wish to obtain discharging effect*, secured in this case by 
the fall of potential occurring when the circuit is closed, it would be 
bettor, as will be seen, lo make use of condensers or some forniB of 
induction apparatus. The medical battery adapted for producing 
the effects that we wish to get in a closed circuit should be composed 
of cells having the properties previously enumerated. 

The best cells from this point of view that are in use in France 
are Gaiffe's (of medium size), Cbardiu's bisulphate cells (of medium 
size), aud Callaud-Trouve's. 

The ordinary zinc-carbon cell in which an acid solution of biclirn- 
mate of potassium is used has au electromotive force of about 1.7 
volts, and will be found efficieut. Care must be takeu to keep the 
zinc out of the solution except when the battery is in action. 

[As an American cell the "Axo" is acknowledged to fulfil the 
requirements for medical use best. It is an improved modification 





of the Leclanche cell, furnishes an electromotive force of 1.9 volts 
with constant and low internal resistance, tod ia dosed to prevent 
evaporation ; its [wtwer diminishes very slowly and recuperates 
rapidly when at rest. A battery composed of BO 01 60 of tBOM 
cells may lie used constantly Ibr offioe-WOrk for at least OM fttl 
witliout requiring anj attention, if care is taken to prevent short 
oifcaitii] ■ turned off and thfl ooa- 

. i ■! v. bi ii nol in use,— Ed. | 




A medical battery is frequently composed of 20 t 
indispensable that these should be ooonaoted 

enabling us to make use of a variable number of t 
In most cases we can, without inconvenience, pass f 

intensity furnished by n cells to that which « + 1, o 

cells afford, provided that we eau do this without int 

current. 

With this object in view we make use of an :i 

known by the name of a collector. The collector n 




I 



or double. The latter, or double switch, is usually 
admit of a progressive reversal of the direction of t 
out any shocks Ijcing produced. 

The simple or rectilinear switch is composed of a 
upon which are placed a set of buttons, marked 0, 1, 
0, 2, 4, etc. A metallic bar is fixed over the buttons 
nerted with them by a slide, which can !«.■ pushed ba 
with the hand. 

By placing one of the con ducting- wires at the end t 
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the other wire from the positive pole, at the end of the metal bar, 
we can, by pushing forward the slide, introduee the ceils into the 
circuit, one by one. The slide is so made as to come in contact with 
one button before it has quite broken contact with the button before 
it, an arrangement which insures the coutinuity of the current. The 
switch can be so arranged that the cells are introduced, two by two. 
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The double switch is a combination of two simple switches, accord- 
ing lo the annexed plan (Fig. 42). In most office-batteries the 
switch has a circular arraugement (Fig. 48), 




In the switch made by Gaifle the negative pole al way* BorraBpoodl 
tn tlic button marked with the lowest number, 

The cells can he introduced into the uircuit either DDl 
two by two, according to the way in which the wirei oi tin 
ure attached to tin- buttons. Usually the second method i- tba 
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adopted. But the plan of Fig. 42 shows the arrangetm 
allows of the introduction of the cells one by one. 

One of the pointers being upon the button marked 3, and 
upon the button marked 9, we have the current given by i> 
TrouvO's double switch (Fig. 44] two groups of cells CM 
duced in succession and one by one into the circuit. Th 
batteries of Chardin have an analogous switch. 

The double switch has the advantage over the single ont 
ling us to bring into the circuit any section whatever of tl 
an arrangement which, when only a limited number of ct 
into action, prevents us from being obliged to use the sail 
the time. 

[By far the best current-controller is that known as thi 
Flemming current-controller (Fig. 4-5), which, however. 



reversed. Its function is to vary the current at will I 
increasing or decreasing the resistance of the circuit, from 
of a m ill i ampere to the full strength of the battery with 
It consists of a porcelain plate, provided with a sickle-sl 
ducting area of graphite (soft pencil), broadening and thi< 
to the terminal, where the graphite unites with b iiictall 
winch is in direct contact with the battery without an 
resistance. When the crank (1) {Fig. 45) is placed to t 
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the hard-rubber bridge (2), the contact comb of the crunk rests 
entirely on the porcelain and the current is broken; moving it 
slightly forward it soon touches the siekle-point, and the graphite 
mark permits the least amount of current to pass through, since the 
current must pass over the whole area of graphite. By turning 
the crank slowly and steadily onward there is a gradual increase of 
current without shock until, finally, the metallic surface is reached, 
when the whole power of the battery is turned on. A reversed 
action turns the current off. If the motion is made slowly, the 
increase and decrease are exceedingly gradual and the meter-needle 
points constantly to the exact current strength of the moment with- 
out oscillation. By its use a more economical wear of the cells results, 
as all cells are worked alike. It may be used with a small or large 
number of voltaic cells or in connection with an incandescent light 
circuit for medical galvanic work, but cannot be used for actual 
cautery. 

Special attention should be paid to the following points in using 
this instrument: 

1. Always place the turning-crank on the bare porcelain, as shown 
in the engraving, before applying the electrodes to the patient, so as 
to be sure that the full resistance is interposed ; otherwise an unpleas- 
ant or even dangerous shock to the patient might result. 

■J. After the electrodes are in place turn the crank down and 
toward the broader end of the graphite slowly until the meter shows 
the desired strength of the current. 

3. If using an incandescent current, never bring the metallic parts 
of the conducting-corda or electrodes together unless the crank is on 
the thinnest part of the graphite, 

4. Keep the apparatus free from dust. 

5. Renew the graphite covering on the porcelain plate as often as 
marks of wear are visible by rubbing graphite over the circumscribed 
area from a verjf soft pencil. If the current is too strong at the very 
point of the graphite, rub some off and reeoat it more lightly. — Ed.] 

With the switch two other accessories are almost always asso- 
ciated : a commutator, which allows of a sudden reversal of the direc- 
tion of the current, and an iiitcrrupting-button (Fig. 44). 

One of the cum mutators most used for medical batteries is that of 
Aiii|»t.'. [A very useful commutator, mure largely used in America, 
b the " lie Wattcville" Current Combiner and Commutator (Fig. 46). 
ient arrangement of switches tor the simultaneous ad- 
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ministration of galvanic and fa radio currents, whenever hot 
currents are useful. They may !*■ elicited simultaneously I 
the double switch in a parallel position so as to rest itsrigt 
of the ODe switch-spring on the flat plate marked with letf 
vanic) and the left portion of the other switch-spring on 
marked f (faradic). The faradic apparatus is started, and al 
pertaining to the galvanic as well as to the faradic apparati 
set for actual work. The two currents are then to be regu 
by its own controller until the desired degree of rtnngt 
current is reached; the galvanic by the graphite eontrolli 
faradic by the controlling-screw which moves the outer he 



t 



Du BoiB-Reymoud coil (see Fig. 69), aud by placing I 
switch on the button p or 6 (prim, or second), reapecfi 
using the simple galvanic current move the double swi 
extreme right, so as to rest one part of the double switch n: 
G, and the other on the button in the middle. For farad 
move the double switch to the extreme left so as to rest 
plate F, with the button in the middle. 

The second double switch is the commutator or pole-ch 
index s always pointing to the negative pole, whether it 
to the left or right terminal post (conductiug-cord) or wh 
in simple or combined currents. — En.] 
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We rarely, however, have lo produce an abrupt reversal of the 
current ; on tlie contrary, it frequently occurs tbat we have to avoid it. 
The double switch and current-controller (Figs. 44 ami 45) allows of 
the current being reversed in a progressive manner. The pointer 
directed upon the button marked with the highest figure is left in 
place and the other is turned around the dial ; the instant tbat the 
latter pointer reaches the button marked with the same number as that 
occupied by the other the current is reduced to zero ; when the pointer 
is carried still further the current becomes appreciable once more, but 
has the opposite direction. 

We may also carry the former pointer backward to the point where 
the current becomes zero, and then turn the outer pointer forward. 

Complete medical batteries provided with galvanic and farad ie ap- 
paratus, current -controllers, commutators, milliamperemeters, etc., 
may be set in cupboards or in special cases, it makes little difference 




which, provided tbat they are protected from evaporation and pro- 
vided with the necessary accessories (Fig. 47). We shall have occa- 
sion to return later to some of these. 

For other purposes, such as gal va no-cautery, the production of 

tomi I clleets, or t he working of motors, we have recourse to cells 

of high electromotive force (bichromate or chromic acid cells). [Such 
a battery as the universal battery, shown in Fig. 48, is capable of 
performing all this work. 

Thin battery coi)si-t> ••{ twn systems nf ten zinc and ivirlwn plates. 
Each is suspended from two hard-rubber platforms (Fig. 48,/and 
/') placed side by side iu the top of the box. A bflM spring is con- 
n.-cted to each plate by a screw pajwinjr tlimrigli the platform, and 
presses against a cylindrical commutator, by turning which the plates 
for quantity — i.e., all carbons and all zincs con- 




by flexible cords carrying pins with the plates of the aystei 
a manner that the cord from the post c' leads to the spring r 
the pin being inserted in a hole drilled into the head of 
connecting the spring with the plate below the platform. ' 
post c carries a double cord, the pins of which may bt 
into any of [he screw-heads of the systems of plates, and 
number of pairs from one to twenty may be brought iuto ac 
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out interrupting the current. The posts h anil b' serve to connect 
the cords leading to the electrodes. Upon the same platforms are 
al~i i mounted a polarity-changer and a two-point switch for inter- 
rupting the current if it is desirable; these appliances being used 
where an intensity of current is made use of. At the end of the box 
a gal va no- farad ic apparatus is inserted, which may be removed and 
used separately, and away from the battery. 

In the lower portion of the box are two movable platforms, which 
may be raised or lowered by a treadle, to which they are connected 
by cords running over rollers. Upon these platforms are placed 
two hard-rubber cups, partitioned off into ten compartments each, 
and in these the exciting liquid, a mixture of bichromate of potash, 
sulphuric acid, and water, is contained. These cups l»eing immediately 
beneath the system of plates, suspended from the platforms, when 
raised by the treadle cause the plates to l>e immersed in the fluid, 
and thus a current is established which varies in strength according 
to the amount of surface of plates exposed to the action of the aeid. 
A ratchet hook at the bottom of the box, by engaging in the bar nf 
tin: treadle, will keep the cups at any desired height, so that the foot 
may bo taken off; and by disconnecting the cords of either one or 
the other of the movable platforms, either one or the other of the 
cups alone may be raised when only a comparatively weak current is 
desired. Below the farad ie apparatus arc drawers for containing the 
instruments, connecting-cords, etc. The size of the box containing 
the whole apparatus is twenty -eight inches long by twelve inches 
wide and sixteen inches high, and is, therefore, not too large to be 
easily moved. 

When a more Miopia apparatus is desired for the purpose of using 
galvanic currents for medicinal purposes, we may employ an appa- 
ratus such as is employed in Figs. 49, 50, 51, and 52. — Ed.] 

We may now recall the fact that the practitioner will require one 
or two cells in order to work his induction apparatus. For this 
purpose the trouble is in making a choiee. The portable forms of 
apparatus contain the battery for furnishing the current. For the 
office we make make use of a boltte-cell, of one Grenet cell (median 
or large size), or one of the other cells which we have previously 
described, mob as the Gooda Axo oeIl, Figs, 40 ami 41. 

[The storage battery has become so generally used, chiefly fin illu- 
minating and cautery purposes in medicine, that a description of the 
principle on which it is constructed is in place, although this has 
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oxygen gathers in the positive plate and hydrogen in I 
U In m the external cell is completed these gases reeombin 
water hikI generate an electric current, so that the electric 
set free by chemical recora position. The Plantf storage 
the one npoti which nil electrical apparatus of this kind 
When acidulated water is decomposed by lead electrodes, 
of lead coats one and hydrogen the other. If the lead 
now connected, ■ reoompoution takes place, and a new eh 
rent in an opposite direction is developed. Finally the 
reduced to plumbic oxide on both sides, and this being ac 
tli> i. id is reduced to plumbic sulphate. When the battery i 
u apoond time the plumbic sulphate is decomposed and 
and the lend plates can now take up the oxygen and hydro* 
il Plant? storage cell is now obsolete, as it is ve 
• harmed and otherwise difficult in practical use, and is hi 
in principle by Paure's modification, which consists in pen 
■licet* of lead with a paste of red lead and sulphuric ac 
ptitt is lull! in place by means of parchment and felt, and I 
covered sheets are then immersed in an acidulated water. 
lysis with an alternating current is now employed, and in a s 
the red lead, Pb,0,, or minium, is changed to PbO, on C 
and spongy lead on the other. The connection of the la 
causes recomposition with the development of an electric 
Then' are many modifications of the minor details of storage 
made by different manufacturers. The storage battery of 
imperfect, and all of them get out of order with provokin 
larity. It is said that many hundred patents based on the 
pies have been issued, none of which have accomplished a 
necessary for their success. — Ed.] 

It only remains for us to become acquainted with the til 
denser, an instrument introduced into electro-therapy soi 
ago. Its object is to enable as to produce with the gal van i 
discharging effect* approximately equal to those caused by 
currents. 

The instrument in question is of very simple coostroctto 
quite delicate workmanship, Sheets of tinfoil are sope 
upon one another, being kept separate by means of paraffi 
which plays the part of an insulator. One edge of each sheet 
a little beyond tlie paraffin paper. The rims thus left free ai 
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imposed in sets of two, in such a way that we have a tier of sheets 
in pairs alternating with a tier of sheets that are not paired (see Fig. 
53). 

The whole is compressed, immersed in boiling paraffin, and after 
cooling is inclosed in a box, the lid of which has two terminals con- 
nected with the edges of the sheets of foil. 

The instrument, while differing altogether from the electrostatic 
condenser in its comparatively small size, presents a very consider- 
able surface for condensation, and, consequently, has quite a great 
capacity. For physiological and medical use it is arranged so as 



Fig. 58. 




to have a capacity of at least half a micro-farad or oftener of one 
micro-farad, being divided or not into fractions of 0.1 to 0.5 micro- 
farad. 

Guillemin has demonstrated that a tinfoil condenser can be 
charged almost instantaneously to the point of saturation by means of 
an ordinary battery, owing to the large quantity of electricity which 
the latter is able to furnish in an extremely short period of time. 
This instrument has received various applications. Its use was 
introduced into medicine some years ago by Boudet, of Paris. 

Knowing now the various forms of apparatus designed to furnish 
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a galvanic current, we have left to us the task of detern 
physical conditions under which we are to work thcra. 

Ohm's formula (I = --or —J enables us to sol' 

problems; but in practice calculations of this sort are g 

thanks to the use of different sorts of measnring-apparai 
should be considered as indispensable accessories to medical 
The electro motive force of the cells which we employ is 
for us to know, and might be deduced from the above form 
as it varies only slightly, it may be determined once fo 
most Iwoks and catalogues give a table of the eleetromotiv 
the principal cells and sometimes also of their resistances. 

Following are some data regarding the oells which we 
scribed : 

Table of Electromotive Forces, 

Daniellcell 1.U7H 

Catlaud-Trouvg cell 0.98 

Gniflecell 1.35 

Bisulphatc of mercury cull 1.526 

Bichromate of potassium cell . . . . 1 9 to : 

The most important measurement, that of the in tens 
current, is furnished by the galvanometer, an indispensal 
ment, which ought to be annexed to every medical batter 
long time galvanoscopes were the only instruments raai 
The employment of the galvanometer, properly so-called, 
possible only since the time when an agreement was rea 
regard to electric units. 

The first medical galvanometers, constructed by Gaiffe, 
upon the principle of Nobili's multiplier. 

Let us recall Oersted's experiment. When a gal van 
passes through a wire situated in the plane of the magnetl 
and in the neighborhood of a magnetic needle which is rac 
horizontal plane, the needle is deflected and tends to plac 
right-angles to the direction of the current. 

Ampere has compared the electric current to a man ly 
back and looking at the needle while the electric curr 
through him from his feet or his head. While the current 
the north pole (N.) of the needle is always deflected toward 
left hand. We can make use of this law to determine th 
of the current in practice. 
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Schweigger increased the effect produced upon the needle by pass- 
ing the current through a wire covered with silk and wound upon a 
frame of wood, ivory, or, still better, of copper. Lastly, Nobili re- 
placed the single movable needle by two magnetic needles connected 
with each other by a piece of metal and arranged parallel to each 
other with their opposite poles adjoining (t. c, with the north pole of 
one next the south of the other). These needles represent an astatic 
system. One of the needles being more strongly magnetized than 
the other, the system is hung by a thread of raw silk, and, while one 
needle is surrounded by the multiplier, the other is placed outside of 
the latter and turns upon a dial so as to indicate the deflections 
taking place in the system during the passage of a current through 
the multiplier. The amplitude of the deviation depeuds upon the 
intensity of the current. 

It is by the aid of a system of this kiud that there have been con- 
structed medical galvanometers empirically graduated in milliampercs. 
By giving the frame which supports the wire coils a certain curvature 
it is possible to make the divisions of a uniform size. This form of 
galvanometer, however, is for various reasons being gradually aban- 
doned. It is influenced by the magnetic masses which are present 
in all our modern houses. Moreover, this galvanometer is not 
graduated so as to admit of the employment of very intense currents, 
which arc now in very frequent use. 

The new Gaiffe galvanometers start from the galvanometer of 
Dcspres and d'Arsonval. This latter instrument (Fig. 54) is based 
upon the reciprocal action of a magnet and a current. It comprises a 
powerful horseshoe magnet, a a', having its axis vertical, and between 
its branches a tube of soft iron, n, which is fixed like the magnet, 
and which, becoming magnetized under the influence of the latter, 
concentrates the lines of force of the magnetic lield upon the coil. 
Within the double magnetic field tints formed moves a frame wound 
with an insulated copper wire. This frame is suspended by fine 
silver wire, which itself is hung from an upright. A thumb-screw 
enables us to raise the frame and to put it in the right position with 
regard to the magnetic field. A mirror, immovably fixed to the 
frame, enables us to read the deflection by the mirror method. By 
projecting upon this mirror a ray of light in such a way that it is 
reflected upon a scale placed at a distance upon the wall of the room, 
the slightest deflections of the frame become apparent. Below, 
this frame has a platinum wire which dips into a cup containing 
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mercury, above which is a layer of water containing pota. 
nide. One of the ends of the wire wound upon the frame 
to tin' suspending wire, j u, aud is thus in electrical contw 
upright, M, and the terminal, K. The platinum wire, dij-pii 
mercury, puis the other end of the wire forming the mov 
in contact with the terminal, L, by means of the screw, e. 
rent to be measured, entering through k, ascends along tl 
M, descends tlirough the suspending wire, H J, passes tb 




frame, CC, and leaves the latter by D, to end in the sere 
the terminal, L. The silver wire, h j, is about 0.05 mm. in 
It serves at once as a conductor of the current, as an axis o 
for the coil-frame, and by its torsion as a spring antago 
force which deflects the frame. Hence the torsion may b 
measure this force. 

This instrument cannot be influenced by terrestrial magni 
by magnetic bodies in the vicinity. It is furthermore aperi 
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instantaneous, ao that when traversed by a current the movable con- 
ductor takes its position of equilibrium at once without any oscilla- 
tion. And, lastly, it is very sensitive. 

[In Flemniing's vertical milliamperenieter the scale is divided into 
ten units from zero in either direction (Fig. 55). When the double 
switch, si, at the base of the instrument points to the figure 1 in 
front of it, the figures of the scale indicate a milliampere each. If 
this switch bo moved to button 10, the stale-reading is to be multi- 
plied ten times. If it points to 100, the scale-reading is to be mul- 
tiplied one hundred times. Thus, if the switch points to 1 and the 
needle indicates 3 on the scale, there is a current of three milliam- 
peres in the circuit ; if the switch points to 10 and the needle to 3, 
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there are thirty milliainperes ; if the switch points to 100 aud the 
needle to 3, there are three hundred milliamperes. When using a 
current of less than ten milliamperes, therefore, the switch, M, should 
l>e placed on button 1 ; when less than one hundred are to be used, 
it should point to 10, and when over one hundred, it should point 
to 100. Before turning on the current always be sure that the needle 
swings perfectly freely. — Ed.] 

In another instrument, bearing the name of d' Arson val, the 
mass of soft iron of the d'Arsonval galvanometer is suppressed. 
The coil is mounted upon a steel axle, the ends of which are highly 
polietwd and revolve in caps of hard stone, while two spiral spring-, 
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1. The electrolytic action is independent of iLe relative positions 
of the battery and of the electrolyte. Hence the voltameter may be 
introduced at any point whatever of the exlernal circuit which in- 
cludes some portion of the body. 

2. The amount of electrolyte deconi|>osed is proportional to the 
quantity of electricity which passes through the circuit A coulomb 
always decomposes the same amount of water ; it, consequently, sets 
free a definite known mass of hydrogen. As there is the same number 
of coulombs passing through all portions of the circuit at the same 
time, all the chemical actions winch are produced during the same 
time in different parts of the circuit are proportional to the electro- 
chemical equivalents of the electrolytes. This law admits of no 
exception. 

Hence, every time tbat the same volume of gas is produced in the 
voltameter, the chemical work and the quantity of electricity ex- 
pended will be determined. You will nevertheless observe that we 
do not in this way get a measure of the total energy employed. 

It is important tbat the reader should be made to understand the 
sort of indication that the voltameter furnishes. 

Suppose that we introduce into a circuit a human body so as to 
send the current continuously through the latter, and that with n 
cells we obtain a current, the intensity of which is I. Let us now 
place in the circuit a voltameter, everything else remaining the same. 
By so doing we shall increase the external resistance and the work, 
In order that the current shall maintain the same intensity, I, we 
must make use of a uumber of cells, «', greater than n. The elec- 
trical energy developed will become n'EIl, which is greater than 
nEK. This increase in the energy will correspond to the electrolysis 
produced in the voltameter; it will afford a proportionate measure of 
the work accomplished in the remainder of the circuit — that is to 
say, in the body — by n current of an intensity, I, during the time, (, 
or, if you will, a measure of tbe quantity of electricity which during 
this interval of time passes through all parts of the circuit. 

Gaiil'e'B voltameter (Fig. o7j is composed of two concentric jdnss 
lubes, one of which (C) in the centre surrounds the platinum <ler- 
trodes, and is graduated so as to serve for the collection aud nnwwmi 
ment of the mixed gases (H and o) evolved. The other tube (t) is 
a reservoir for the liquid. The two tubes communicate by means of 
tbe little tubes (■> o'). After each measurement, tin- rmly thiog tbtl 
we have to do, in order to fill the central tul>e agm'n with lipoid, i- 
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to lilt tin- stopper (b) of the latter by means of th< 
Formerly, this central tube was divided into cnbie cetitiu 
Boudet, of Paris, has drawn up a table which shows ; 
sittings lasting ten minutes, the quantities of electricity 
spond to the different volumes of gas which accumulate in 
eter. Oaiffe has also made the scale read coulombs di 
has given to the instrument the name of coulonibrnt 
division, which is divided into tenths, is equal to 0.174 
and represents, at a temperature of 0° C. and a pressure of 
work of one ampere per second, i. «., of a coulomb, 
uometer and the coulombmeter are, it will be seen, the 
indispensable complements of galvanic batteries. 
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frame of the box io order to make the current f 
responding coil. 

The same instrument is used to measure the resistance of any part 
whatever of the human body under determinate conditions, or to 
graduate the intensity of the current by progressively changing the 
resistance. In the former case we operate by what is called the 
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substitution -method. After having observed, by means of the 
galvanometer, the intensity of the current when passing through the 
body or a part of it, we substitute for this resistance a rheostat, the 
resistance in which we vary until the galvanometer indicates the 
same current- in tensity a3 before. The resistance marked upou the 
rheostat gives the value sought for. 

The rheostat is principally used to graduate the current in a 
gentle, progressive manner, a thing which is indispensable in appli- 
cations made to cerlain regions, notably the head. 




In certain cases we may make us 
instrument allows of the passage ( 
liquid of variable length. There 
by graduating the current in certaii 

Before ending the physical part of our study of the galvanic cur- 
rent, we must consider the question of the density of the current, 

We have already spoken of electrical density in the part of oar 



of a liquid rheostat. This little 
' a current through a CoIlUHl of 
re also other rheostats which act 
pecial forms of apparatus. 
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discourse relating to what is called static electricity. "'. 
when applied to the galvanic current, expresses the rati 
tin.- intensity tit' the current and the size of a cross-sec 
conductor. Practically, the question of the density of a 
of as much importance as that of intensity. It has beeo v 
of by Bondct, of Paris, whose works upon this subject w 
our main guide. 

In electro-therapeutic applications the circuit is compos 
conducting- wires ; second, of the rheophoric plates or pad 
contact with the skin, and, lastly, of come part of the h 
density of the current consequently varies at each of thes 
the circuit. Upon the surface of the skin, which is i 
surface, the density should be such that during tbeontil 
the f-itti ny the patient should feel no pain of My iPDO 
furthermore necessary that there should be no possibility ■ 
duction of an alteration in the integument, such as might 
without paiu in cases of cutaneous II mil 111 nil 

We infer from this important law that the surface of the 
plates ought to be in proportion to the intensity of the cu 

At the point of contact of the rheopbores with the skin 
of the circuit is measured by the active surface of the 
plate. Calculation shows that, the intensity of the eul 
equal, the density varies considerably, according as we w 
plate having a large surface or with a small pad. Thi 
example of this is given by Boudet, of Paris : 

If a patient is immersed in a bath in the water of whii 
of the poles of the circuit, and if we apply to the part no 
a plate having a surface of 500 square centimetres, we sha 
a battery of 20 Gaitfe cells a current of about 25 millian 
a current-density of 0.05 milliampere for each square 
of surface. If we use a |ud 2.5 centimetres in diameti 
conditions are otherwise the same, it will be neuMUj, i 
get the same intensity of current, to use forty-four cells 
twenty, and the density will increase to 5 milliampert 
square centimetre, i. '., it will become a hundred time 
Under these conditions an intolerable pain will be prodi 
the application should be kept up the skin would soou ( 
injury. 

If we consider what has taken place in this experimet 
see that the diminution in size of the surface of the rhet 
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duces an increase in the resistance, which has to be overcome liy 
multiplying the number of cells. 

The density for the unit of surface increases in an enormous ratio, 
although the quantity of electricity passing through the circuit does 
not vary, as the intensity of the current remains the same. 

It will be necessary, therefore, in order to avoid accidents of any 
sort or jMitn, to be satisfied with a current of weak intensity when we 
are using a rheophore having a small surface. 

Prom this we see that in order to send a large quantity of electricity 
into the body, it is indispensable that we should make a proportional 
increase in the size of the surface of the rheophore plate. 

In practice, unfortunately, we cannot have a unit of density. We 
must be satisfied with the knowledge that the density ought to be 
diminished in proportion as the intensity of the current which is used 
becomes greater. 

But we may seek to determine experimentally the value which 
can be given to the density by employing rheophores of different 
areas, with variable current intensities. This is what Boudet, of 
Paris, has done for currents from 1 to 25 mil hump' res, applied for ten 
minutes each. This work might be carried out, also, ibr currents of 
the great intensities now used. 

The mean values obtained by this observer are indicated in the 
plates, under the form of geometrical curves (Figs. 60 and 61). 
By means of these plates we can ascertain the current intensity which 
we can employ with rhcophores of known area when used by uni- 
polar application. The plate indicates the surface of the active 
rheophore ; and it shows what this surface should be for any given 
current intensity which we propose to obtain. We see, for instance, 
that in order to use, without danger, a current intensity of 25 milli- 
amperes, we should use a rheophore the surface of which is 500 square 
centimetres. 

It Menu to me that in general the areas for the rheopbonfl fbaod 
by Boudet, of Paris, are a little exaggerated. It i* a question, to Ik' 
sure, of averages, and we know that the tolerauce for electrical density 
may vary with the individual and also with the region of the 
application. We may say, however, that it is almost always easy to 
make a current of 25 millimnperes endurable when using rhcoplmrcs 
of an appreciably smaller area, t. c, of about 180 to 200 square 
centimetres. 

Induction. Tin third source of electrical energy to which tn 
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recourse is induction. We denote by induction currents or induced 
currents those which are produced by the physical action to which 
other currents or to which magnets give rise. 

Before describing an induction apparatus it seems indispensable 
to recall the general facts regarding induction. 

We owe our knowledge of induction to Faraday (1831), aud this 
is the reason why the use of induced currents for medical purposes 
bears the name of faradization. 

Let us, in the first place, consider the action which a circuit tra- 
versed by a current exerts upon a neighboring circuit. Suppose we 
place alongside of a conducting wire connected with a battery another 




rtn-ii it, near the Ibnucr bat not touching it, aud containing a galva- 
nometer in its course ('Fig. r!2). Whiten uniform galvanic current fa 
[Missing through the first wire nothing in particular shows itself in 
the second. Rut if we interrupt the galvanic circuit, we observe at 
once a deflection of the galvanometer- needle, which then returns to 
the zero of the wale. Now, when we re-establish the galvanic cur- 
rent — i. ft, make a closure (C)' of the circuit — the galvanometer- 
needle is deflected once more, hut now in the opposite direction and 
to a leas degree than before, and then it again returns to aero. 

These facts show that at Ihe opening of the galvanic circuit a 



> hi it it lull Mil mil HI It I if llMlflwl rwtloni tin' ln.imln.ir lm replaced the French tbtxt- 
lUiinni r (fwnictnw). N (imgaUvcl, P (pn)illv«), »"il ■ [WOkMHoKli '-' ' 
(eathale). An (nin-Ii'l, mi.l d (SlMM*), which arc mistily employed In thli eounlry. 
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current is produced in the second wire. This is denoted by 
of the induced current. From tlie galvanometer we see 
induced current is in the same direction as tlie galvanic or 
cnnviit, but of Bhort duration. 

These facts prove, furthermore, that at the closure of tin 
another induced current is produced, hul in the Opposi 
tion. This closure current is apparently weaker. We sti 
ever, see later that these two induced currents are equal in 
but that the opening form of variation is more rapid tha 
closing. 

We must then distinguish an inducing current or inducii 
and two induced curreuts, namely (1) the opening or direct 
current, and (2) the closing or inverse induced current. 

By means of some very simple apparatus we demonstratt 
lowing propositions : 

Whenever the primary current is diminishing in iutensi 
ceding from the secondary circuit, the current in the latter 
in the same direction as when the primary circuit is opened, 
induced current is said to be direct. 

On the other hand, if the primary current increases in i 
or approaches the secondary circuit, the induced current in t 
is in the same direction as when the primary circuit is elos 



. 



The inductive action is ata maximum when tin- wire* an- ; 
it becomes zero at the instant when the wires cross each 8 
angles. 

A thin! circuit placed alongside of the second is Hkewis 
enced, according to the same laws, at the moment when the 
current is produced or interrupted in the second circuit. \ 
therefore, have induced currents of the tirst order, second or 
In practice we make use only of induced currents of the firs 

Faraday has likewise observed that induced currents are « 
the inducing circuit itself at the opening or closure of the i 
This is the phenomenon constituting self- induction. These < 
are called intra-currenla. 

The opening, or direct, intra-eun-ent is added to the battc 
rent and hence reinforces it, and consequently reinforces, t 
inductive action. The closing iiitra-eurreut is weak (or varic 
sons. The variation produced at the closure is slower than th 
dneed at the opening, and, as the current is in the opposite di 
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to that of the battery current, it tends to diminish the notion of the 
latter. 

The intra-currentB are of little importance when the wires are 
straight, even if the latter are quite long, and this is the case wheu 
we make interruptions of the current during the treatment of a 
patient. The intra-currents, on the other hand, become strong when 
the circuit is wound in the form of a helix. In this case induction 
of one spiral by another takes place. 

Whatever lie the rapidity with which the electric fluid traverses 
the conducting- wire, the first spiral when readied by the fluid causes 
inductiou in the second, the second causes induction in the third, and 
so on. The same takes place when the current stops ; the current 
has come to a stop in one spiral while it is still passing in those which 
follow. We give the name of extru-currcnts to those currents pro- 
duced by the induction of one spiral by another. They behave 
like the intra-currents, of which they form only a special case. 

It is to take advantage of this arrangement, which enables us to 
reinforce the Inductive action, that we wind the wires of the induc- 
tion apparatus, covered by some insulating substance, either upon the 
same or upon diflercut spools, which can be placed one within the 
other. 

Suppose that we place in the centre of a spool a bundle of soft iron 
wires. Now if we pass a current through the circuit of this spool, 
we shall see that during the passage of the current the iron core is 
magnetized, mutually attractive. When we break the current the 
demagnetization is nearly instantaneous. This action gives rise, in 
the circuit upon the spool, to an induced current having the same 
dlnotioB u the opemog exta-currant which it ninforaa& 

The Mft iron then thus placed in the centre of the BpOoJ hfll the 
inj|K)rtant property of reinforcing the inducing current and conse- 
quently the induced current also. This property is utilized in most 
of the apparatus. In some it serves as a means of graduating the 
extra-currents and induced currents, for the letioaof thaaoft Iron 
can be annulled by interposing in the magnetic field of the coil a 
metallic cylinder as a shield, which then, as is readily seen, can lie 
rosed as a graduator. 

Finally, in order to liuish the statements regarding the principles 
of induction, we must reall to your mind the fact that magnets act 
in the same way as solenoids, and that they can consequently be made 
uae of to produce induced currents. The way in which the soft iron 
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was in the instance just cited magnetized and denwgnet 
already proved this tact to you. If we connect with a galvi 
an iis-nluin] coil, in the centre of which we may place s 
soft iron to reinforce its action, we have only to ap proximal 
net to the coil or withdraw it from the latter in order to p 
current (Fig. 63). The current 
hrought near, direct when the maguet is made to r 




So, too, when we make a magnetic pole or when we inc-r 
intensity of a magnetic pole already made, the pole bo ma 
altered acts in the same way as a pole which we approxirn 



This inductive action is at its maximum when the axL 
magnet and that of the coil coincide. 

If we denote by the same general name of magnetic fi 
sphere of action of a current and a magnet, all the pbenoi 
iuductiou follow a general law enunciated by the Russian pi 
Lenz. 

All these phenomena, in fact, have this feature in comnn 
they correspond to a modification of the magnetic field in w 
secondary, or induced, circuit is found, this modification bei 
either to exterior currents or magnets, or to the current w 
passing through the circuit itself. Lens's law, or rule, rel 
the direction of the secondary current, and may be expres 
follows : 

The direction of the secondary current is always one which 
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s due, 



electro- magnetic action, tends to oppose tiie act to which it v 
e. g., the relative motive of the magnet and coil. 

Tin- tacts regarding induction may be summed up in a table which 
we l)orrow from Hospitnlicr. 



I i m 



! Induced current nroducei 



Direct Induced current produced by 



when. It !> being brought nearer, 

wti=n 11 begins, 

when it ii Incmulnir in Itiletnity. 



wheu It H«», 

when n in rliiibii.i-liliii; in 



R tn-u IM im.Ti-ilyn bt 



All this may be summed up briefly as follows : 

1. A decrease in the number of lines of force which pass through 
a circuit induces a direct current in the circuit ; while an increase in 
the number of lines of force induces an invemr current. 

2. The total induced electromotive force throughout a closet! 
circuit is equal to the rate of decrease in the number of lines of force 
which pass through the circuit. 

These principles will be sufficient to enable us to comprehend the 
deseriptiou of various forms of induction apparatus, and to appreciate 
the properties of the latter. However varied in form these appliances 
may be, they are all derived from the same type, L t,, that afforded 
by the Kuhmkorffcoil. We shall consider the jarts of an analogous 
apparatus to which all the others may 1« referred. 




The -nliiiiini.il schematic plan (Fig. 64) sham bow the primary 
ami the secondary coils are arranged, and in what way the forma >- 
connected with the battery. This it of km eUotromottve force, and 



L magnet, < 
duetive e 
extra-cur 
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is connected with the primary circuit or inducing coil (b) 
which is quite large and quite short, so as not to offer 
resistance to the passage of the current. In the axis of th 
bar of Boft iron, or, still better, a bundle of iron wires 
lessens the delay in the production of magnetization and d 
Hit ion observed when a single bar is used. This sort-in 
the inducing coil has several uses. Among other things, 
us to produce automatic interruptions in the apparatus, by 
an arrangemfnt due to Xeef (of Frankfort), and represent 
its simplest form (e). The second, or secondary coil, is n 
a finer and longer wire. It forms a circuit which is con 
the lead wires attached at v' and n'. It is at these latter r. 
we get our induced current. Lastly, the wire of the pi 
inducing coil, is double at the ends, so that, while connc 
intermittently with the battery, it can also be completed a 
by lead wires, representing a derived circuit which can be 
maneutly open or closed. The terminals I* and s are use 
lecting the extra-currents. 

The physical phenomena produced are quite complex, bn 
to understand. 

At the moment when the circuit is closed by the spri 
interrupter (e) resting upon the point (it'] which establish 
between the circuit and the battery-wire and a connectioi 
the cod aud the battery, we get a commencing current. Til 
sequoutly produced in the secondary coil au inverse induce 
and in the primary coil itself au inverse extra-current. At 
time the soft iron becomes magnetized, and thus we have a 
field quickly developed. This action determines an invere 
current in the two coils, or, in simpler terms, produces a 
ment of the inductive action. 

But as soon as the bundle of soft-iron wires becomes re 
it attracts the mass E, and draws it away from n', and con 
the circuit becomes open. 

This opening of the circuit produces an interruption of th 
and consequently in the secondary wire a direct induced cu 
iu the primary a direct extra-current. At the same time tb 
netization of the iron core produces tlie effect of a rapidly 
lagnel, which determines a still further reinforcement o 
duetive action, i. c, of the direct induced current and t 
extra-curreut. 
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Properties up Induced Currents. It is not enough to know 

the manner in which an Induction apparatus is constructed, it is also 
necessary to have some ideas in regard to the properties of induced 
currents. 

These currents, being the result of an inductive effect exerted hy 
the primary coil, are dependent parlly upon this coil and partly upon 
the conditions set up in the secondary coil. 

Other things being equal, the intensity of the induced current 
varies with that of the inducing current, and with the length of the 
inducing circuit As has been cited, the induced currenis are alter- 
nating, i. e., alternately inverse and direct. They are the result of 
the variable stage of the primary current at the instant when it is 
being established, and when it comes to a stop. This curreut 
Starts from zero, increases until it reaches a permanent state, aud 
then, starting from this poini, decreases until it becomes once more 
zero. 

When the interruptions are very frequent, the breaking of the 
current is effected before the end of the variation, i. <\, before the 
permanent state is established, so that too frequent interruptions 
impair (he inductive effects. 

The direct and inverse currents upon the same secondary coil 
represent the putting into action of an equal quantity of electricity ; 
hut the currents, considered in relation to each other, have neither 
the same intensity nor the same electromotive force. In fact, the 
difference of potential which is established in the secondary coil, aud 
In hit, olao, tlic intensity of the curreut, vary in inverse ratio to tin 
time of the inducing action. Now, the openiug variation in the pri- 
mary coil being shorter than the variation of closing, the direct 
induced current i-orresponding to the opening of the circuit has a 
higher electromotive force and intensity than has the inverse current, 
which i- produced by the closure. 

The causes of the difference in the duration of the variable state in 
the primary coil are several. The prolongation of the variation at 
the closure of the circuit appears to be due simply to the production 
of the inverse extra -current. The phenomena at the opening of the 
circuit are more complex. The direct extra-current which makes 
its appearance al this instant gives rise to a spark which tend, to 
prolong the variation, aud consequently to diminish the difference 
between the duration of the two variations. The curreut diminishes 
before coming to a stop, and the soil iron becomes demagnetized \> 
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suddenly. These causes of impairment of the inductive 
be, to u great extent, avoided by means of an arrangeiu 
by Fizeau (1853). It consists in connecting this point of 
on both Bides of the interrupter with a tinfoil condenser, t 
of which is to draw off the extra- current and to diminisl 
(Kg. 65). 




The medical forms of apparatus are not provided wit 
denser. 

Let us now consider the influence exerted by the CODfltt 
location of the secondary coil, without, however, goinj; 
questions of pure physics which are raised by this rath 
subject. 

The induced current produced by a given inducing cu 
senting determinate periods of variation, depends, from i 
point of view, mainly upon the length of the wire in the 
coil. 

Under the conditions under which the forms of apparat 
medicine are constructed, the predominant property of coi 
coarse, short wire is quantity. The current- strength in t 
high, but the electromotive force is comparatively weak, 
made with a finer wire, and containing consequently a grtati 
of turns, the property which gets to be predominant is the 
in potential between the terminals or the electromotive fori 

The current-strength in this ease is comparatively s: 
practice, therefore, we ought to choose coils with long, 61 
all cases in which we shall require to produce effects whic 
pendent upon electromotive force; and, on the other hand 
give the preference to coils with a coarse wire. 

In general, in medical apparatus the wire of the prima 
from 1.5 to 2.0 mm. in diameter and from 6 to 35 metres 
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that of the secondary coil has a diameter of" about 0.16 mm. and a 
length of 1000 to 1800 metres. But we shall see that certain forms 
of apparatus enable us to use coils made with wires of various diam- 
eters and a greater or less length. 

Lastly, we may add that the situation of the coil may serve as a 
means of graduating the current, since the inductive effects diminish 
progressively as the coil conveying the secondary current is carried 
further away from the primary coil; and are, on the other hand, at 
their maximum when one coil covers the other. 

We have seen that the two extremities of the wire of the secondary 
ooil correspond to the two metal terminals, p', a' (Fig. 64). These 
are the terminals of the coil. If we consider both induced currents, 
namely, that produced at the closure and that produced at the open- 
ing of the circuit, each of the terminals is alternately a positive and 
a negative pole ; but in most medical and physiological applications 
the closing induced current can be ignored for reasons that we have 
now become acquainted with. 

Practically, then, we take into account only the breaking current. 
When a finger is applied at each terminal the pole which provokes 
the most painful sensatioo is the negative one. 

Induced currents, except for thi'ir alternation and the brevity of 
their duration, ol>ey the general laws governing other currents, and 
are capable of producing the same physical effects as the latter. To 
show this we need onlycommntethe direction of the inverse currents 
so as to get them all together in the same direction, as we do in the 
case of dynamo-electric machines. It can then In- seen that induced 
currentB possess the same chemical properties as do the primary cur- 
rente. As to calorific effects, this is not necessary in order to estab- 
lish the fact of their production, since the quantity of electric energy 
in a circuit is independent of the direction of the current. 

From a physiological point of view, an induced current as its 
specific characteristic, presents great differences of potential, which 
are associated with a comparative weak current strength, a condition 
which is very different from the characters presented by the primary 
curreut. We may also add that, as induced currents have a very 
short duration, they cannot give rise to reactions which, in a normal 
or pathological state, require excitjitnm lasting for a certain time. 

In practice we do not measure induced currents. We concern 
ourselves only with the number of interruptions, which in appa- 
ratus of the better make can 1* varied at will, so as to have a defi- 
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The kinds of induction apparatus used in medicine are t 
011s for us to be able to describe all of them. They difl 

their size, in the way in which the interruptions are ma 
the method of regulating them. 

In the small forms of apparatus and in some of na 
constructed mainly with the view of being portable i 
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costly, the interruptions ure obtained by means of a Neef vibrator, 
and in general there is but one coil of fine wire, which is fixed, and 
which covers the inducing-eoil. These small forms of apparatus are 
run by 11 hisulphatc of mercury tray battery (Figs. 66 and 67). In 
these we can to a certain degree modify the number of interruptions. 
Moreover, the regulation of the intensity of the currents is obtained 
by means of a brass cylinder, which moves back and forth parallel 
to the axis of the apparatus between the core and the inducing-eoil. 
Winn we wish to utilize the effects of a coil with a short and coarse 
wire there are generally special terminals which euable us to collect 
the extra -currents of the inducing-eoil. 

The medium and large-sized models have the advantage of pos- 
sessing a vibrator which can give a variable number of interruptions 
and of having multiple coils, usually mounted on a sliding-stand, 
analogous to those of Siemens and Halske's model, used for the first 
time by Du Bois-lleymond. When these forms of apparatus occupy 
a stationary position in a physician's office an outside battery is used 
to run them ; but some are arranged in a portnhle box. In America 
such apparatus as those illustrated in Figs. 68 and 6(1 are commonly 
employed. 



n Hols Rtrmrmd i 
ilow li][emi|>ien adjustable t 
«ck and pinion oevici.- lor m 
dl 1 1 »i. m-wali* May W run tiy two Alo ceils ci 



variable rh>'tlMiu l<i all 
etTitn* current utrpu^ih, 
ilirUruner bottle-cell. 



Iu Trouve's clock-work interrupter (Fig. 70) a cylinder divided 
into twenty-five |iarts in the direction of its length is moved by 
clockwork, the rapidity of the movement being governed by a fly- 
wheel regulator, so that the cylinder may lie made to describe any 
desired nunilwrof revolutions a BMOOd, Each port ion of the cylinder 
is provided with a certain number of frets or pegs, the Mmba of 
which increases regularly, forming a series of integers. There is a 
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Many other systems have been proposed for producing an inter- 
ruption in the inducing-curreut We will mention, in addition to 
those that we have described, only the use of tuning-forks, whose 
Bpei-ific vibrations are kept tip by means of an electro- magnet, placed 
in series with the primary coil, or actuated by a current furnished by 
a special battery. For precipe experiments, electric tuning-forks 
have the great advantage of furnishing interruptions which are 
absolutely regular, whatever their rapidity may be; but they can 
only be used in eases iu which we wish to have very rapid induced 
currents. Boudet, of Paris, made use of two tuning-forks, one 
having 60 and the other 215 double vibrations a second. 

The forms of apparatus with superimposed coils, which, as we 
have seen, are graduated by means of a brass cylinder, have the dis- 
advantage of not giving an absolute zero. They cannot, therefore, 
be utilized for physiological researches, which often require the use 
of currents having a minimum energy. Hence, what are called the 
sliding-stand forms of apparatus have been devised, which enable us 
so to graduate the induced currents by means of the greater or less 
degree of separation of the two coils — primary and secondary. 

These latter forma of apparatus offer the additional advantage of 
enabling us to take the ordinary secondary coil away completely, 
and to replace it by another of the same diameter, but having a wire 
differing from the first coil in length and thickness. 

It is to Tripier that we owe the first medical apparatus of this 
sort. 

Tripier's large apparatus, constructed by Gaiffe, possesses three 
secondary coils ; one with coarse wire, the resistance of which is 
about 1 ohm ; a second with medium -si a J win' and having a 
resistance of 15 ohms; and. lastly, a third with a long and slender 
wire, the resistance of which reaches 1300 or 1400 ohms. From 
what has been already stated, it can be seen that with the same 
inducing-cuil we have in this apparatus the means of varying the 
tension according to the various requirements that may arise in its 
practical application. 

There is, beside.-, n Tripier' s apparatus which is smaller and which 
is inclosed, along with its gen era ting -buttery, iu a portable bos, 
■■■\\ it may also be run by a battery outside (Fig. 71). The 
sliding-stand carries two swondary coils, one with a coarse, the other 
with a fine wire. To make the use of either one of two oil- m 
have only to reverse the mechanism which supports both. 
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We may likewise employ the opening extra-current taken from 
the inducing-coil. To graduate this extra-current we connect the 
secondary coil with itself by means of a small wire. It then acts 
like a regulating-cylinder. We may, furthermore, intercalate a 
water-rheostat in the circuit. 

The vibrators giving a variable number of interruptions, the 
description of which we have just given, are generally fitted to the 
large or medium-sized sliding-carriage form of apparatus. All 
manufacturers now offer apparatus of this sort of various sizes. 

Formerly, before the invention of Ruhmkorff's coil, physicians 
ordinarily used magneto-electric machines. At the present time 
these are seldom used, because of the necessity of having a third 
person to turn the handle when they are employed. These instru- 
ments have, however, a real value, and afford in certain cases some 
advantages. The medical magneto-machines all start from the 
types furnished by those of Clarke and of Page. 

In Clarke's machine (Fig. 72) an armature of two coils of wire 
is so arranged that it can be turned in front of the poles of a per- 
manent fixed magnet. During the rotation of the armature the 
lines of force of the magnetic field are cut in such a way that currents 
are induced in the coils. 

Fio. 73. 




After Guriel. 



Let 8 and N (Fig. 73) be the two poles of the magnet, and B, b', 
b", b'" the different positions of a coil revolving about the centre, o, 
in the directiou indicated by the feathered arrows, and suppose, for 
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lp of simplifying tbe explanation, thut when the e 
r of one of the poles that pole alooe is active. 
t os first take tbe roil lacing s, and in the art of roc 
it with a uniform motion. There will be produced in 
of which the wire of the roil forms a part, a current 
direction indicated by the tin feathered arrow. The rum 
strong, will progressively diminish ; but soon the coil wi 
tbe point p, and the action of the pole s will l>egin to 
felt. The pole e corresponds to a specific current having 
opposite to that of N ; but, inasmuch as the coil is app: 
an induced current will be produced having a direction 
that of s, and consequently the same as that of tbe our 
up. The latter will lie kept up, but the moment the cc 
the current will suddenly change its direction. The si 
are reproduced for this second half of the revolution, i 
seen that we thus obtain alternating induced currents 




A special arrangement of that part of the apparatus \ 
lerls the currents enables us either to get currents which a 
i. c, as they are given by induction — or to get currents wl 
tion is always the Bame. 

In Page's machine it is the poles of the magnet that are 
with the coils. 

We may combine the two systems, as Gaifl'e has done, 1 
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the helices both upon the armature and upon (he magnet, and thus 
obtain an apparatus which, though of small size, has a considerable 
power. 

The models, however, that are the most commonly employed in 
medicine, particularly in England and America, are all similar to 
the Clarke machine. 

Gaiffe makes a Clarke machine which he has rendered very 
practical by supplying it with an appliance which serves at once as 
a rectifier of the direction of the current, an interrupter, and a 
graduator. (Fig. 74.) The graduation of the current is obtained 
by varying the interruption from the minimum to the maximum 
point of the curve of intensity of the induced current; a simple 
sliding of the brushesalong the collector gives this result. 

This apparatus, in spite of its small size, furnishes currents of 




rather high electromotive power analogous to those of the induct io 
coll ; and, furthermore, puts into action a considerable quantity of 
electricity, which cannot be obtained with the induction -apparatus. 
It also has the advantage of giving curreuts constant in direction. 

Very recently d' Arsonval devised a new magneto-machine, capable 
of furnishing regularly alternating currents. This machine (Fig. 
75) consists of a movable magnet revolving in front of and very 
near a fixed electro- mag net. The magnet, instead of l«ing horse 
nhoe-shaped, is circular. It is formed of several disks of steel, 
ma^neti/ni separately to (lie point of saturation and attached to one 
another. The two poles are at the extremities of the same di- 
ameter, KB, The magnet is mounted upon an axle, a*', which b 

-I in million l.iy lorali* (if ;i jiuih'ii uilil ImitUed-wllii'l, H. The 
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eoiv* i»(' tin* li xtnl roil, i-:, are the same distance apart a* 
pole* of I lie moxahlo ma^mt. 

Iiiirmi* I In* rotation oi" tlu 1 magnet there are produced i 
mdiiovd emivuis. wit it'll elian^c their direction with each 1 
lutuMi Hicm* ouuvnts do not haw thoir directious r*>?t 
inm piinhu'i' a *> mi t unions excitation, which is regularly a J 
Wo \:u\ i ho ohvtivuiotivo torw. and consequently tL* iai 
I ho induced eunvnis either l»v varying the rapidity .-■: tr> 
or l»\ h: '.n^iu^ iho fixed coil more or less ckw to :i>: "".t^r 
mtenvix o! i 1 v«h* cHnvnt** may lv reprvsenred by :h-: r:.: 
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vanic battery ia connected with the coil by poles of the same name 
(positive with positive), the tension-effects due to the induced current 
will be found to be annulled, even when only three or four cells of 
the lattery are employed. 

This method of electrization gives rise t« quite complex physical 
conditions. According to some authors, including Boudet, of Paris, 
it should offer great advantages in some cases of muscular atrophy. 

Animal Electro-genesis. We have borrowed from el ec trophy sice 
simply those facts which it was indispensable for us to know if 
we wish to understand the different kinds of medical apparatus and 
to make use of them with some degree of precision. So, too, in 
taking up the second jart of our subject, which relates to physiology, 
we shall concern ourselves only with questions which may have prac- 
tical importance. 

To Galvani (1786), whose celebrated experiments are well knowD, 
is attributed the discovery of neuro-tnuscular excitability — a dis- 
covery which is one of the most remarkable iu physiology. This 
olieerver, at the same time, discovered animal electricity. 

Since this epoch this important chapter of physiology has been the 
object of very many researches, notably on the part of Matteneoi 
and Du Bois-Reymond (from 1840 to 1843). The experiments of 
this latter physiologist, owing to the eoudittons under which they 
were performed, have been more productive in the demonstration 
of facts. 

Iu order to prove that animal tissues arc clectrogenic it was, in 
fact, necessary to avoid the generation of electric currents at the 
points of contact between those tissues and the instruments employed. 
Du Bois-Rcymoud succeeded in doing ibis by borrowing from J. 
Reynauld the ides of using non-pi'lunzuble electrodes formed of 
amalgamated zinc immersed in a saturated and perfectly neutral 
solution of zinc sulphate and applied to the final til through the 
medium of a saline solution. 

The first researches made in this direction revealed some interest- 
ing facts which, unfortunately, ben the start tag-point of vorv 

qticstionablc theories, so that for a long time electro- physiology 
remained one of the most obscure branches of science. Even at 
present it can scarcely be regarded as more than outlined. It is, 
moreover, a difficult study, requiring special apparatus which has 
only very recently arrived at some degree of pTBBBttOn. 

In electro-physiology it is alone of alt things indispensable to 
work with really non- polarized electrodes and with good galva- 
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covered t 

tricity an- 
tint there 



nonieters. The electrodes used at present are those of d'A 
They consist of a silver wire coated with fused chloride i 
and kept in a glass tube filled with a 1 per cent, solution of 
chloride. It is easy to make them one's self and to give thei 
venieut form and size. But it is well to be warned in adva 
they are sensitive to light. 

We can thus in a very simple manner, by acting upon tl 
scire- fines with chlorine, form electrodes suitable for seizing 
sues, and especially the muscles, directly. 

Two principal divisions of electro-physiology are to b« 
guished : that treating of animal clectrogeDesis and that 
of the action of electricity upon the organism and npon its 
parts. 

The former has served as the theme of a great number of i 
the result of which has been to make its history very oomp 
rather confused. From a practical point of view it present 
very limited interest. The second, on the other band, is i 
importance for us, for it should serve as the foundation of all 
therapeutical applications. 

We should not, however, remain indifferent to facts re 
animal elect rogenesis, and a short account of it ia of value, ti 
a guide the interesting considerations which have been develop 
respect to this subject by d' Arson val. 

The body and detached living fragments of the body are 
generators, i. r , producers of currents. 

Among the electric manifestations which take their urig- 
tbe tissues we may distinguish those which are continuous, 
no-rent* of red, and those which are momentary, or the cur 



We make the existence of these currents evident by using i 
leg properly prepared. The sciatic nerve is carefully isola 
skin removed, and the nerve and leg detached by division of tl 
cles and the bone in such a way as to have a certain length oi 
free. We thus have the galvanoscoptc leg or physiological rhe 

If with a glass hook we turn the nerve over so as to bring 
surface in contact with the surface of the musde, we see that i 
hot energetic muscular contraction takes place ; this ia the £ 
covered by Galvani ; the leg thus prepared ts at once a source • 
tricity and a galvacoscope. Careful study of this phenomenon 
that there ts a current which passes from the body of the ma 
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tbe tendou as long as the muscle remains alive. The surface of the 
muscle is positive with relation to the section of the nerve which is 
negative. 

The same is true of the nerve, but at this point the current is 
weaker. It is the sudden variation produced in the case of the pre- 
ceding experiment, by contact of the cut surface of the nerve with 
the surface of the muscle, that determines the muscular contraction. 

To show the existence of the current of action, we use two galvano- 
scopic legs. The nerve of the second is upon the muscular mass of 
the first, and at the moment when the muscle contracts by being put 
in contact with the extremity of this nerve, or by mechanical excita- 
tion of this nerve, a contraction is observed to take place in the 
second leg. Matteucci has given to this phenomenon the name of 
induced contraction. 

If, on the Other hand, we stimulate the nerve of a galvanoscopic 
leg so as to get a tetanizalion of the muscle, we see a great decrease 
take place in the current of rest. This last phenomenon constitutes 
Du Bois-Reymoud's neijalive variation. When we study what hap- 
pens upon the stimulated nerve we find that the same thing occurs. 
It is the sudden variation in the electric state that is the cause of the 
stimulation of the nerve of the second galvanoscopic leg in the 
experiment of induced contraction. 

It is not necessary to dilate upou these well-known facts. The 
question which is of real importance is whether the phenomenon 
observed upon detached portions of an animal's body is not the 
consequence of the alterations which vivisections produce in living 
tissues. This objection has been raised by physiologists of good 
standing. Hence Do Bois-Reymond has attempted to demonstrate 
the phenomenon of a negative variation in uniujured animals and 
in man. This physiologist has experimented upon the arm and 
has shown that the current of rest diminishes at the instant that 
the subject experimented ujwn contracts his muscles. It has been 
remarked that under these conditions there were causes of error 
due to the production of currents set up by variations iu the state 
of the skin. But it can be demonstrated that every contraction 
of the heart is accompanied by this same phenomenon nf nega- 
tive variation. This fiict may be established not only for the heart 
of the frog or tortoise which has l»een exposed to view, hut also 
for the dog's heart which has been left in situ and into which our 
chloru retted needles an- pluuged. A. Wallirr, by applying his in- 
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struments to the surface of the chest, has demonstrated the negative 
variation produced by the cardiac contraction in man. 

We are then justified in supposing that the current of rest really 
exists and that it is not simply the result of the lesions that have 
been produced which render it manifest. But how should we 
interpret these phenomena which we have just now briefly recalled 
to mind ? 

Among the numerous theoretical explanations which have been 
given of these facts, we will cite only the recent and ingenious 
hypothesis enunciated by d'Arsonval. This hypothesis is a deduc- 
tion from the interesting experiments of Lippmann upon what is 
called surface-pension. 

It is admitted that the force of cohesion of the molecules of 
every liquid contained in a vessel develops a certain amount of 



Fig. 76. 




tension upon the surface of the layer of liquid. When two liquids 
of different density are placed in the same vessel a double tension 
layer is produced at the surface of contact of the two. Lipp- 
mann experimented with mercury and with water acidulated with 
sulphuric acid. From numerous experiments which he made he 
concluded that the surface-tension or capillary constant at the surface 
separating the two liquids is a function of the difference of electric 
potential of the latter. He also saw that the surface-tension and 
this potential difference undergo simultaneous variations, and upon 
the basis of these laws he has devised the electrometer which bears 
his name. It is worth while to point out the principle of this in- 
genious apparatus. A capillary tube, a (Fig. 76), communicates by 
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one end with the under vessel, c, containing mercury, and by the 
other with the vessel, b', containing acidulated water, which lies upon 
a layer of mercury. The two masses of mercury are connected respec- 
tively with the platinum wires, A 7 and B. 

When the two wires are connected directly the potential of the 
two masses of mercury is the same, and the mercury always stops at 
the same point, m, in the capillary tube. This is not so, when, after 
separating the two wires, a 7 and b, we impart to them a difference in 
potential by means of any exterior source of electricity whatever. 
The level of the mercury changes aud now occupies a new position 
of equilibrium which remains absolutely constant for the same dif- 
ference of potential between the wires, a' and B. 




The converse of the law which has just been enunciated, and upon 
which is based the capillary electrometer, is likewise established by 
experimental facts, and may be stated as follows : 

When the surface separating two liquids of different density is 
disturbed by mechanical means a state of electrification is created, 
the character of which is such that the corresponding surface-tension 
opposes a continuation of the movement. 

We may mention one of the experiments by means of which we 
demonstrate this proposition. Two vessels, v and v' (Fig. 77), each 
containing mercury covered with a layer of acidulated water and 
placed side by side, are connected by means of a wisp of cotton, c. 
A galvanometer, g, is connected with the masses of mercury. As 
long as the two vessels are kept still, no current passes through the 
galvanometer; but if we suddenly incline one of the vessels (v 7 ), the 
needle is at once deflected and indicates the existence of a current 
which passes through the liquid of the tilted vessel to the vessel 
which has been left upright. 





I„ nil,. I ,iiil, „ lnv'i i.l' nuriury novered by a layer of 
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attached the end, B, to the centre of a diaphragm, we connect A and 



nth a telephoi 



', U'tter, with a microphone, the apparatus will 



>hone, or, 
reproduce speech. 

We see, then, that median ical I y produced derangements of shape, 
however alight and however rapid, modify the electric state ; and, 
conversely, variations in electric state, however slight and however 
rapid, are accompanied by a derangement of shape. 

According to d'Arsonval, we observe the same phenomena in all 
liquid or semi-liquid bodies, either of organic or inorganic origin, 
which present a surface of contact that can be distorled mechanically. 

These physical properties would furnish the explanation of the 
physiological phenomena previously described. 

The negative variation occurring simultaneously with the con- 
traction of a striated muscle would be due to the variation in the 
surface-tension, and, consequently, in the electric state, which is the 
consequence of the internal mechanical distortion occurring iu every 
living tissue which is undergoing a spontaneous change of shape. 

Du Bois-Reymond, moreover, has shown that the negative varia- 
tion can still be observed when the muscle is imprisoned in plaster. 

The electric organ of fishes (the torpedo, for instance) pre- 
sents a great analogy to muscle. The discharge from this organ 
is probably due to the same cause as is the negative variation of 
muscle. 

Whatever may be the truth of the theoretical explanation offered 
by d'Arsonval, the fact of the electricity of muscles seems to be well 
established. This electricity is bound up with the life of the pro- 
toplasm of the cell, and should be regarded as one of the modes of 
transformation of the chemical energy expended in a cell which is 
alive — i. <:., in a state of nutrition. 

D'Arsonval even thinks that the heat resulting from the nutri- 
tive processes is only the consequence of a second transformation. 
The muscle would, according to this, be an electric and not a 
thermic motor. Iu the spontaneous play of muscle-tissue the energy 
would first take the <*hemical form, under the influence of cellular 
nutrition, and then the mechanical derangement in shape of the pro- 
toplasm would evolve au electric energy, itself changing afterward 
into the form of heat. 

The theoretical views enunciated by d'Arsonval cannot yet hf 
regarded as demonstrated, but it is well to be acquainted with 
them, because they apply to well-established physical facts, and 
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they have the advantage of representing living matter m 
of phenomena in which there is an opportunity of alh 
the transformation of the various kinds of physical en 
one another. In this living matter, in fact, we see the 
ena of mechanical energy, electric energy, and heat mal 
appearance, and we may say that the laws which govern 
fiarent manifestations are without doubt the same as for 
bodies. 

We should conclude from this that the phenomena pr 
living matter at the moment when physical agents, and 
the electric agent, exert their disturbing action, are of prin 
taoce. Bat the study of these facte is at pr esen t con 
very obscure, for we know nothing of the relations that 
between the different forms of vital and of physical energ; 
could we say, for instance, regarding the possible relation 
electric energy and what is understood in physiology by 
neurHUj/ or nervous force? 

All that we can now assert is that electrical phenomena 
fested constantly during vital actions, and that electricity i 
be normally one of the agents necessary for the product! 
manifestations that are called physiological. 

Application of Electricity to the Body. Applied to 
electricity acts upon it differently as its mode of applicati 
a permanent, fixed state, such as is set up by the passage < 
tinuous current, or creates a variable state represented by ii 
or periodical currents. 

We know already that the variable state is more ps 
adapted for producing excitation of the nerves and muse 
physiological manifestations to which it gives rise are very 
and are comparatively easy to analyze. 

The continuous flow of the galvanic current produces w< 
is more diffused, more deep-seated, and more difficult to gi 
which seems to be mainly associated with chemical energ 
which, so far, we have not l>een able to give a precise accoc 

We must likewise regard the procedure denoted by the 
the electrostatic hath as one of the means of applying electr 
tinuously. We will begin our description by stating tl 
produced by this kind of application. 

Static Electrization. The body of a subject is insi 
l>eing placed on a stool and put in communication with a i 
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chine, or not insulated, and receiving, by means of the appliances 
that we shall describe, what is called the electric wind, is traversed 
by a constant current of high potential which leaves the surface of 
the body through the air, the latter playing the part of au external 
circuit. 

The intensity of this current is really very slight, and yet the 
physiological phenomena produced by static electrization are notable. 

The effects of atmospheric electricity have beeu known for a long 
time, and in the last century men began likewise to suspect the 
influence which static electricity exerts upon the general state of 
the body. 

However, the methodical employment of static electricity goes 
back scarcely fifteen years, and we are still but imperfectly acquainted 
with the physiological phenomena to which it cau give rise. 

All observers have noticed the bristling of the hair and the cob- 
web sensation which spreads over the surface of the body. Many, 
also, agree in recognizing the modifications produced iu the circula- 
tion. As early as the eighteenth century Jallabert and Sauvages 
had remarked the increase in rapidity of the blood-current and the 
acceleration of the pulse — facts which were rediscovered by Stepa- 
now, Vigouroux, and Eulenburg. Stepanow observed that while 
the electrostatic bath lasted there was a more marked elevation in 
the sphygmographic tracing, and that the dicrotism was increased. 
Damian has confirmed this observation. According to this, there 
should be a diminution in the vascular tension, but in a patient of 
Charcot's, who had just been bled, the flow of blood which at first 
had stopped, reappeared under the influence of the electrostatic bath. 

Jallabert has noted an increase in the temperature, a fact which 
was also remarked by Stein and Vigouroux. According to Danion, 
this effect belongs to only the electropositive bath, the electronegative 
bath producing no variation in temperature, and negative sparks 
causing a slight reduction of the latter. 

According to the older authors, static electrization increases all 
the secretions. The increase effected in the perspiration is a fact 
that has been often observed. According to Stepanow, the sweat 
diminishes at the points that are being electrified and increases over 
the rest of the body. The same author has also observed an increase 
in the quantity of urine passed in the twenty-four hours. Danion 
observed this increase in the quantity of urine only with the negative 
bath. 
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General sensibility is certainly more or less modified, 
manner varying according to the subject of the experime; 
observations upon this point have l>een made upon sick p 
are, consequently, not adapted for giviug us information as 
physiological elfects of the electrostatic bath. In a geuera 
latter produces rather a sedative effect than one of excitati 
times it even tends to cause sleep, and it is not a rare tl 
pttieuti overcome with sleep while slitl upon the insula 
In this connection we must take into account the :vv 
ozone which is evolved in abuiidance iu the atmosphere ol 
where the machine is being worked. 

A more or less marked increase in the appetite at th 
certain mimU'i- of sittings has been noticed, as well us th 
ment of some menstrual disturbances, particularly a doul 
number of menstrual periods. 

As to the question whether there is any difference 
between the positive and the negative bath, authors have 
tradictory opinions. According to Enleuburg, Bened 
Vigouroux, the two kinds of bath produce sensibly the sj 
On the other hand, according to Stein and Larat, the po 
is sedative and the negative bath exciting, and we have ju 
Danion believes that certain physiological effects depc 
nature of the bath. We may add that Schliep, in, at 
effects of atmospheric electricity upon the body, has fo 
positive atmospheric tension produces effects of excitati' 
negative tension causes a state of marked depression. 

The general phenomena observed by the electricians 
century should attract the attention of the authors of the 
to the modi (Seat ions which static electrization may effect 
end nutrition. 

D'Arsuuval, in studying this question, has constantly < 
increase in the respiratory combustion, independent of tb. 
duced by the ozone. On the other hand, Danion has di 
au increase in the excretion of urea in the urine, partic 
the positive bath. Static electricity, therefore, would apj 
the property of increasing the nutritive processes. 

It is interesting to compare these phenomena observed i 
the influence which electricity exerts upon vegetation. 

The Abbe Solet noticed that an influx of electricity 
development of vegetables. Then accurate experiment; 
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the galvanic current have enabled Burt helot recently to establish 
the action of electricity upon vegetation ; and analogous observations 
have l*en made by Armand Gautier. 

But to confine ourselves to our subject — that is, to the effect of 
static electricity — we will adduce in particular the experiments made 
on a large scale by Spechuew. This experimenter planted here and 
there in wheat-fields wooden posts tipped with a meial poiut and 
representing lightning-rods, connected with the ground by a conduct- 
jug-chain, lu this way the surface of the ground was placed con- 
stantly in electric equilibrium with the atmosphere, and was, on the 
whole, |»ermeated with a more abundant flow of static electricity than 

hen in the normal state. The yield of cereals from the electrified 
fields was considerably greater than that of the fields adjoining. 

When the electric Said, instead of being diffused over the whole 

irface of the body, is applied to certain parts, and particularly the 
head, by the electric douche, for example, special phenomena may he 
seen to supervene that are consequent, probably, upon a modification 
of the hemispheres of the brain. But the most remarkable phe- 
nomena, such as the loss of memory, or, on the other hand, the return 
of memory when it has deteriorated — facts which have been noted 
by Benedict — fall under the category of therapeutic effects rather 
than of physiological manifestations. 

We will point out later the excitation phenomena produced by an 
inslantaueous flow — i. r., by sparks. 

Costixuoijs Galvanization. Let us continue our examina- 
tion of the facts regarding the continuous method of applying elec- 
tricity. The second way is by the galvanic current, a method denoted 
ordinarily by the name of continuous galvanization. In this we apply 
rheophorcH to the skin, and by means of a suitable battery we send 
through the circuit, which includes the subject aoAat i-ln-tri/nimn, ■ 
current which, starting at zero, should ultimately become of a certain 
intensity, and then gradually return to zero. The electrization is said 
to !>•■ o.iitiiiuoiis when everything fa go arranged that the establish- 
ment of the current and its increase in intensity, and likewise the 
gradual return lu zero, take place without shocks. In this way we 
suppress the mechanical effects of the galvanic current — t. e., the 
electric waves or impulses resulting from the variations produced liv 
making and breaking the circuit. 

Wi ill, not mean to say, however, that the current even in this 

ie is absolutely constant and invariable. For, when we apply a 
20 
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with the results obtained and with the data which the practitioner 
ran turn to account in the existing state of affairs. 

The first observers made use of the substitution-method. To the 
results which Ritter obtained in animals have been added those 
collected in regard to man by Remak, Kohlrausch, Runge, Lenz, 
and others. When expressed in terms of Siemen's units of resist- 
ance they excite remark by their extreme diversity. Thus, while 
Runge, for instance, gives for the resistance of the human body the 
numbers 2000 to .5000 Siemen's unite, Weber estimates this same 
resistance at 900,000 units. 

Recently Giirtncr, Rosenthal, Eulenbnrg, Jolly, Harris, and Lau- 
rence, have made use of the method of Wheatstone's bridge. In this 
way these observers have found that the resistance of the human 
body is much greater than one would have believed. The numbers 
which they give vary greatly, and we will content ourselves with 
mentioning those of the authors last Darned. Harris and Ijaurenoe 
used electrodes of 50 square centimetres held in the hand; they esti- 
mated the intensity with a mirror-galvanometer aud determined the 
intensity in ohms. Their observations were made upon ten persons 
of various classes; and in some the hands were dry, in othan wet. 
When the hands were wet — that is, under the conditions which ordi- 
narily obtain in electrization — the resistance varied, other things 
being equal, from a maximum of 25,000 to a miuimum of" 390(1 
ohms. This discrepancy is considerable, and casts doubt upou the 
value of these experiments. 

It is probable, however, that the resistance varies much from oue 
individual to another, and also in the same individual according to 
the conditions under which one is placed. It was formerly supposed 
that the resistance reached its maximum at the poiuts where the skin 
is the thickest — as on the palms of the hands and the soles of the 
feet. According to Giirtner, on the contrary, the maximum of resist- 
ton i* observed in (he region of the face and temples. 

Be that as it may, the determination of the resistance of the body 
or of a |iart of it has no longer the same practical importwKQ BOH 
thai it bad Iwfure the use of the intensity galvanometer. A- tin- ape 
can bfl fixed upon this instrument during tin- whole OOOrM of I he 
galvanization, we no longer need concern ourselves with the ivfts!- 
tflej [btt baa tn be overootna. Nevertheless we will add a law mrfa 
in regard to the variations that take place in the resistaim during 
1 1 ie of the galvanization. 
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VariaiKmt i» Ae Rtrndmet. One of the m— an far I 
nciw in the estimates of the «how« who bm eaaj 
aeasare the resistance of the both- d t pend h apoa the fa 
ciisUncr, though very gnat at fast — i. t^ at the begun 
galraniati'jo — rapidly diminishes. When salTMnoancsgra 
' needle of which oscillated a certain rime before read 

already been modiSed by the physical and physiological at 
ccotnpanr the passage, of a current. At present, by 
nstrntnents, we measure the initial rrmrsnee and we 
eosibry greater. 
If we suppose that the resistance in the battery rem* 
daring the sitting — which cannot be rigntun aJ y true — tl 
in tbe intensity of the current far the aame namber of 
in proportioo to the variations in the resiatance oflered b< 
Now ail experimenters have obserred a mote or leas ra 
tion in the resistance, or, what cornea to the name thing 
in the intensity after tbe passage of the current. This 
is produced more or less rapidly according to the region 
current is applied and according to the intensity of the < 
In general it is more marked and more rapid in prop* 
intensity of the current increases. If we look at the a 
galvanometer daring the electrisation, we see that the 
the current increases rapidly at fi rst, and soon afterward 
until it reaches a certain maximum. According to Boa 
Stintzing, Groeber, and Dignat, if tbe duration of t 
prolonged after matters have reached this stage, tbe inl 
times tends to decrease once more, but never gets heck 
point. Prolonged electrization, then, would at a cerl 
create an increase in the resistance. 

Gartner, Sllva, and Pescarolo have observed that inti 
the current (closures or openings) have no influence up* 
of resistance. But if we proceed to reverse tbe direct! 
rent, an increase in the intensity, which is often conside 
observed at once. Erb, Gartner, de Wattevtl] 
upon this point, and it is important to remember it wiie 
the direction of the galvanization in the course of the 
Lastly, we may note that von Ziemssen ami some others 
strated a diminution in the resistance after a preliminar< 
ha* been done. 
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The reasons for these variations in the resistance are partly physi- 
cal, partly physiological. 

Besides moistening and soaking of the epidermis there are other 
modifications which we will describe presently, and which tend to 
diminish the resistance of the skin. 

According to Gartner, this physico-chemical action which is ex- 
erted upon the epidermis would suffice to explain the diminution in 
the resistance. He bases his opinion upon experiments made upon 
cadavers, experiments in which lie removed the epidermis by meaus 
of hot water. But according to Erb and most of the other ob- 
servers, we are likewise to take into consideration the cutaneous 
hyperemia and the secondary excitation. After the application of 
revulsives or after the sudorific action of pilocarpine the resistance 
of the skin is diminished. As to the effect on the blood flow, this 
has been studied by Dubois, of Berne. By cooling with a current of 
Mid water the rhcophorc applied to the skin, this observer demon- 
strated an increase in the resistance produced by cutaneous umemia. 
Some have invoked the polarization of the electrodes to explain the 
increase in the intensity of the current after reversal of the direction 
of the latter. De Wattpville refutes this explanation, since he lias 
determined an increase in the intensity, not immediately, but some 
moments after the reversal. According to Silva and Pescarolo, the 
diminution in resistance is produced mainly in the vicinity of the 
rhcophorc- plate connected with the positive pole. The increase, then, 
in the intensity of a current after its reversal may depend partly 
upon the lack of equality in the surfaces of the two electrodes. If 
the observation of these latter authors is accurate, the increase in in- 
tensity should be appreciable chiefly in the case when the small rhco- 
phore-plate was connected before reversal with the positive electrode. 

The galvanic current penetrates into the depth of the tissues, and 
upon contact with tin; anatomical elements produces an abundant 
flow of electricity, giving rise to a comparatively largo amount of 
chemical energy. It was necessary for us, first, then, to concern our- 
selves with the way in which the galvanic current paoetfVtei tod 
passes through the body. We have, therefore, learned that the ImhIv 
otf.rs a mtv great resistance to the passage of the current, a resist- 
ance, however, which varies according to certain condition,*, and 
markedly daring the course of a single application of the galvanic 
current. 

'v <jf the Timet. This resistance is a function of the 



conductivity of the tissues which are to be traversed by 
vanic current. At present, then, we have to concern nurse I 
the conductivity of the different tissues ; and the facta whi 
to this point will enable us to understand the principal luws 
ing the method of distribution of the current to the interic 
animal economy. 

It was recognized a long time ago that tiie akin possess 
slight conductivity for the galvanic current. This depend 
upon the resistance which the epidermis offlera to the passag 
current. Hence the dry epidermis of a cadaver is elestium 
ductivity. When moist the epidermis is a better ooodnoi 
even in this state it represents the principal factor of the n 
This is what Gartner observed in the experiments previous 
When the skin of a cadaver has been deprived of its epielc 
variations in the resistance of which we have spoken d 
almost absolutely. Jolly calculates that the resist a mv of th 
interposed between the two epidermic layers may be ignored 
par iso n with that of the epidermis. The latter, then, const it ul 
of protective varnish ; it forms a kind of barrier. Oooe Mil 
is passed, the galvanic current meets with layers that are mil 
conductive. 

The attempt has been made to determine the conduct ivit 
different tissues, and for this purpose it was necessary to wor 
upon the cadaver. The data thus acquired give us but impe 
formation, for certain experiments tend to show that the cotid 
of the living tissues is not the same as that of tissues that a 
Thus, according to Ranke, living muscle would offer greate 
a nee than that of the cadaver, whilst other tissues, such as I 
the nerves and nerve-centres, according to Munk and von Z 
have less resistance in life than after death. 

From a practical point of view we may admit with Erb 
the living subject the soft tissues all possess about the same 
tivity. The bones, as Eckhard lias shown, have the least cot 
ity. Danion represents by 1 the conductivity of the rausclet 
may be regarded as the best conductors. According to him, 
dons are at least as good conductors as the muscles ; then ex 
panniculus adiposus, the cerebral substance, and the apon 
the conductivity of which is 0.93, while that of the bones 
0.G0. 

8ince the current is always able to twist its way about th 
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to follow the path furnished by the masses of muscle, it will in the 
interior of the body toect with masses having about an equal resist- 
ance in every direction. 

This being granted, let us see how the galvanic current will 
behave after having passed the epidermis. This question should 
obviously l« regarded as of the first importance. Unfortunately, as 
we shall see, it is far from being decided with any degree of pre- 

Let us consider the case of some moist rheophore plates applied 
to the skin — one upon the front of the body, the other upon the 
back of it. We now know that they will be insulated with respect 
to each other by the epidermis. There will not then be even a trace 
of an external current tending to connect the two plates by passing 
round the surface of the body. It is consequently necessary for the 
galvanic current to be strong enough lo overcome the resistance of 
the ■•kin ; or, in other words, of the two opposite layers of epidermis. 

Alter having passed through the epidermis, the current behaves 
according to physical laws; it will then be distributed among the 
conducting tissues in inverse proportion to their resistance. Most 
B|Mcialfatl think that a kind of fan-like distribution takes place, the 
current starting from the surface of the rheophore and widening ml 
in die depth of tlif b'«lv, then contracting again near the second 
plate. According to them, when there are given resistances to over- 
come a large part of the current will teud to connect the plates by 
the shortest way, provided, at least, that it does not in its passage 
meet a girdle of bone, which forces it to make more or less of a 
detour. This is the way in which Erb, von Ziemssen, and de Watte- 
ville have interpreted the behavior of the current iu the interior ot 
the body. Erb, to give a better notion of his idea of it, makes a 
picturesque comparison He represents the current under the form 
of a head of hair, the number of hairs in which vary aecordiuc; to 
the density of the current. For a small rheophore surface a current 
of some intensity would l>e a head of hair eoni[>osed of numerous 
hairs close together, so as to form a sort of tie" of iwitah. Then, 
in the depth of the tissues, these hairs will spread apart, as if the 
•rbolenasBof them bad been est loose from ana another sod rumpled 
up; and then they will once more come together t" form again :i 
. which will pass on to join the other rheophore plate. 

DeniVKti Currents. The most scattered and eceentrio hairs — 
i.e., those which follow the longest path — form what are called 



derived currents. A knowledge of the existence of a < 
this sort ia important in practice when m irinb to avoid e 
very sensitive organs. It has been possible (o demonstmt' 
presence experimentally ; and this has, moreover, l>ecn put 1 
doubt by various phenomena that 00001 in the course of 
kinds of electrization in man. 

Thus the application of the rhenphores in the vicinity of t 
and even to the head, at some distance from the former organ, 
the development of phosphenes ; electrization of the neck 
vertigo; and the application of the rheophore plates at a 
distance from the mouth (a distance which, when the cur 
intense, may be quite considerable) is accompanied by the >li 
ment of a metallic taste. 

Using this mode of distribution of currents as a principl 
tricians have made rules for the application of the electrodes, \ 
according to the regions acted upon, and they have suppos 
they are able to localize the effects of the electrization in 
organs by making such physical arrangements as shall be in i 
a nee with the end in view. 

They have, for example, enjoined that a small electrode 
be placed at the affected poiut when this is a superficial 
and that an electrode of large area should be placed at the 
opposite. 

Danion, who has recently taken up this question once mo 
been led to regard a3 dubious the rules hitherto accepted. 
electrician, from experiments made in vitro with regard to the i 
of distribution of the current in basins containing a saline so 
and which, according to him, represent (he organic mass b> 
has been traversed by the current, arrives at the conclusion I 
deceive ourselves when we believe that we reach a point, si 
even a very slight depth below the surface of the body, 
current-density which is greater in proportion as the electrode 1 
the point aimed at is smaller. His idea is that we should iisi 
electrodes, which would enable us to utilize great intensities, 
the pain excited by the small electrodes would render imprac 
in their case. 

You will understand bow important it is to come to a d< 
with regard to the practical point raised by this discussion. 

Danion aims to show that the current is diffused in the n 
tissue almost as in a mass of water containing a small i 
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salt (6 parts per 1000). Accepting this view, let us see what will be 
the conductivity of such a mechanism. 

According; to E. Becquerel, if the conductivity of silver is repre- 
sented by 100,000.000, that of a lialf-satu rated solution of sodium 
chloride is only 23.08 : that of a weaker solution should be sensibly 
less, since the conductivity of a saline solution increases with the 
proportion of salt present in it. 

If the human body were a mass of metal, (he density of a current 
passing through it should be sensibly uniform at all points of it. 
In a mass which is three or four million times less couduetive, the 
propagation of the electric flow will assuredly be ruuch more influ- 
enced by the distance to be traversed ; aud it is with reason that all 
the classical authors have supposed thai the flow tends to go by the 
shortest route. It seems evident to us, therefore, that in the interior 
of the body the electric density should he higher along the direct 
line of passage between the electrodes than at points remote from 
this line. 

These considerations enable us to estimate approximately the in- 
fluence which the surface of the rheophore plates exerts upon the 
density of the current in the deeper parts. 

Every useful electrization should convey to the tissue or organ 
which it is intended to modify an electric flow of sufficient density 
to enable the electricity to exert an action of more or less amount. 
This rule should be regarded as fundamental. Accordingly, the 
injunction has been laid down to choose electrodes of such a character 
that, from the manner in which the electric flow is distributed, the 
current shall acquire its maximum density on the side where the 
diseased organ is situated. So when we wish to obtain great density, 
by applying an electrode of small area near the diseased point, we 
are forced to use a current which is much less intense than would be 
the OK if tin- electrode had :i more extended area. But, on the other 
hand, it' we believe it useful to secure great intensity, it is indis[>eii- 
sable that we have recourse to large electrodes, and we must inquire 
what density the (low will have under these condition* when it reaches 
the tffected organs. 

Let us eup|H)3c, in the first place, a very simple case, that of the 
electrization of a segment of the body by means of clautludM of the 
same area situated at two opposite points, and let us make use of 
the determinations made by llondet do Paris. .Suppose, moreover, 
that we use at first small eleotrodea of B centimetres on each side, or 



314 



PHYSICAL AM' NATURAL TBERAPEUTR 



having an area of 25 square centimetres. Under these com 
the current intensity that could be used would, according to 
de Paris, be only 7.5 milliamperes. The density of this curr 
each square centimetre would be 0.30 niilliamgiere. II, m 
suppose that, in accordance with the mode of distribution ad 
by most electricians, the diffusion of the current takes place 
tissues with a certain degree of obliquity, bo that a centiraet 
tant from the plate the area of diflusion is 7.5 instead of £ 
metres, the surface of section of the flow will at the distan 
centimetre be about 56 square centimetres, and the density ■ 
about 0.13 milliampere. 

Let us now replace this plate by a very large one of 22. J 
metres on a side, or having an area of about 506 square eenti 
With the same angle of diffusion a.-- before, the sectional area 
flow will, at a depth of 1 centimetre, be 625 square centi 
Bnt in this case we can use a current of 25 milliampere. I 
of this increase in intensity, the density of the current for 1 
centimetre will be only 0.05 milliampere, aud this density 
depth of 1 centimetre will become 0.04 milliampere. 

Let us put these figures down in tabular form : 

At Bdbfi.ce Of Body, 



lillciijillu 



506 


nillli[iiii|«Tv-.. 

:.:■ 

25.0 


militant 
0.3 


At Depth of Ose Cent 


IMETBE. 




, 66 bo,, cent. 


7.-. 


M 



625 



In both cases the density of the flow will diminish with the 
but more rapidly in the first case (A), where the electrodes ares 
than in the second (B). At a certain depth, in this instance ' 
metres, the density of the flow will be equal in both cases, oi 
milliampere. But with the small plates it will then affect a 
of 500 square centimetres; with the large plates a much 
area, namely, 1600 square centimetres. 

These calculations evidently can lie only approximate, si 
cannot determine with precision the degree of obliquity of t 
fusion-cone, and since, moreover, the electric density is greatei 
centre of this cone than in its periphery. But, such as tl: 
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these estimates seem, from the facts afforded by current observation, 
to be quite close to the truth, and we may, hence, draw from them 
important practical conclusions. 

In the first place, we see clearly that large electrodes, while 
enabling us to make use of a current- intensity which is much greater 
than in the case of small ones, supply a How of electricity of much 
less density, even on the surface of the body (iu the proportion in 
the case cited of 0.30 to 0.05 milliamp&re. It is evident, then, that 
when we wish to act with a certain intensity of current upon a 
superficial, subcutaneous organ, there is every advantage in our using 
electrodes of small area, in spite of the necessity of using in this case 
a current of low intensity. The organ iu question, if of small 
volume (nerve, ganglion, muscle, etc.), and if separated from the 
dwopboK by only a minimum thickness of tissue, will receive, even 
with quite a weak currenl, a denser flow of electricity than from an 
electrization made with very large electrodes and with a much more 
intense current. 

When, on the other hand, it is I question of acting upon a large, 
but still superficial organ (upon the stomach, for example), there will 
be certain advantages in using a pretty large electrode ; not too large, 
however, since those of very large size afford only a diffuse flow of 
electricity of low density. These latter come in advantageously only 
when it is necessary to convey electricity either to an organ having 
ii very extensive area or to a large group of orgaus situated at some 
depth from the surface. 

We shall presently describe the effects of the excitation of nerves 
and muscles produced by discontinuous experiments made for this 
purpose ; small electrodes are placed at the site of the organ iliat is 
to be stimulated, and a current of low intensity is employed. The 
results obtained would be incomprehensible if the current, after 
passing through the skin, were diffused equally in every direction. 

When the rheophore plates are of equal area we speak of the elec- 
trization as bipolar. This method of application is often made use 
of in continuous galvanization. 

hi in il"' external circuit the flow of electricity takes place from 
in the negative pole, special attention has been for a 
long time paid to the direction of the current, with the idea of 
determining the effects produced by this lactor upon the part sub- 
jected to electrization. The name centrijiupil wtrmt EnM l>eeu given 
|D that which is obtained when ihe positive plate is, for example. 
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placed upon the root of & limb mxl the periphery of the 
Tlie opjmsite arrangement would give a centripetal current. 

For some years past all that was formerly said regarding t\ 
ence of the direction of tlie current has been transferred to tl 
action, i. r., to a predominance of action at one of the poles. 

We have just seen that when electrodes of unequal area, Q 
large tbe other comparatively small, are used, tbe current 
intensity remains the same, will show i much greater densitj 
side where the rheopbore of small area is situate<l than at tii 
the other rheophore. The pole connected with the small elec 
called active, the other being considered as indifferent. Und 
conditions the electrization is said to be unipolar or simply j; 

The differences observed between the effects of bipolar and 
galvanisation are chiefly pronounced at tbe times when the 
is made or broken. They are likewise appreciable during tin 
of a continuous galvanization, under certain circumstances w 
shall have to define. 

The different considerations which we have discussed enal; 
mark out the principal rules that should be followed in < 
practise electrization in a useful and rational manner, whil 
ing the disadvantages springing from an exaggerated density 
current. 

When we wish to localize tbe action of the galvanic curr 
superficial organ of" small area and only slightly below the M 
the body, such as a superficial ganglion, a subcutaneous urns 
we will use the polar method, which enables us to get rid 
effect upon the neighboring points, and to diminish, to a 
extent, owing to the large dimensions of the indifferent elect r 
total resistance of the body. The situation of what we i 
inactive electrode is not always without importance. For con 
galvanization we should, in almost every case, select this s 
in such a way that the current shall pass through the pai 
affected with the greatest possible density. Thus, if we n 
instance, to confine tbe action to a limited part of the spin 
we will apply the small electrode as near as possible to this p. 
will make ihis electrode rather large, so as to he able to mak 
a sufficiently strong current ; then we will place the larger e 
upon the opposite side of the body over the abdomen, so 1 
current shall pass through the splanchnic t 
spinal cord. 
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In all thew cases the negative pule will be selected, according to 
the effect which we wish to obtain, our knowledge of the effect of 
polar actions lieing our guide. 

To apply electrization to a large superficial organ, tlie better plan 
ordinarily will be to place an electrode of medium area at each end 
of it. When the diseased part is subcutaneous and quite extensive, 
as in the case of a joint, we shall do well to cover it completely with 
a suitable electrode. 

Electrization of the nerve-centres has given rise to some difficulties. 
The low conductivity of bone has led to the belief, for some time 
prevalent, that it was not possible for a current to pass through the 
brain. Von Ziemssen, among others, shared this view up to I86& 
In the following year Erb showed that currents having the intensity 
ordinarily used in therapeutic applications can pass through the 
brain and spinal cord. 

Erb'B researches were con6rmed by Burekhart and Briiekner, 
when Von Ziemssen, having taken up this question again himself, 
became convinced that the galvanic current can be made to pass 
through a|] the internal organs, including the nerve-centres. The 
medulla is particularly accessible to the current, because of the 
incompleteness of its osseous envelope, and because it is surrounded 
by muscular and fatty tissues. 

Erb places one electrode upon each temporal fossa, and thus gets 
at the brain by using currents of weak intensity. Dim ion proposes 
to reach the brain by way of the orbit. 

The spinal cord being protected by its envelope of bone and by 
masses of muscles, along which the current runs readily off, it is 
quite difficult to make a current of sufficient density run through it 
for its whole length. Erb places two large electrodes at the two ends 
at the vertebral column. It seems to us that under these conditions 
the current would have but little tendency to penetrate into the in- 
terior of the spine. According to von Ziemssen, the vertebral col- 
umn nui-t l>e covered almost completely by means of a long, narrow 
JuilUllll, the second electrode being placed upon the sternum or in 
th'f hollow of the epigastrium, Damon, to get at the cord, uses a 
hzge bifurcated electrode, the two plates of which are applied to the 
post-troehaoteric regions at the points of emergence of the sciatic 
nervea, the other electrode lieing placed upon the arch of the neck. 

\i> one baa Insisted more than von Ziemssen upon the use of large 
electrisation of the limbs be uses troughs, 40 
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centimetres long and 8 to 10 centimetres brad, t*rge Irtictl 
like the elbow, knees, shoulders, etc., be surrounds with ; 
shaped electrodes. These injunctions of bis me pernetlj 
when it is wished to convey the effects of a galvanic currei 

large and superficial organ. 

Physiological Effects Pboduoed by the Gaia'anh 
rent. We are now going lo describe the effects produced dm 
course of a continuous galvanization. Apparently they a 
simple, for they consist only in the development at the rbi 
plates of a more or less marked sensation, which at first is 
tickling, then a prickling, which increases with the intensity 
current. This intensity ought never to be great enough 
sensation to become painful. 

It seems at first sight, therefore, as if this method of elect 
were sensibly less active than the others. You are aware t 
chief promoters of electro-therapeutics did not have reconre 
Duchenne made use almost exclusively of iudueed currents 
ing the same period Remak popularized the use of the galva: 
rent, applied by what is called the labile method, which 
one variety of discontinuous galvanization. Continuous gal 
tiOD, properly so-called, is of a comparatively recent date. 
has rapidly won great favor, and for quite a long time back 
been regarded as capable of producing very marked effects. 

The galvanic current is, as you should remember, in n 
current of quantity, generated by a comparatively large anr 
chemical energy. 

Let us, therefore, examine attentively the different effects tl 
result from it. We shall, in the first place, demonstrate tbe p 
locally of certain marked physico-chemical phenomena. 

After sending for a quarter of an hour a current of 20 n 
peres through a portion of the body by means of electa 
medium size, we see that at the site of the electrodes the 
of the skin has become red, as though treated with a m 
plaster. By connecting the electrodes and joining them by c. 
iug-wires to a galvanometer measuring electromotive force, ■ 
a small battery, tbe electromotive force of which, according to 
de Paris, equals 0.t> volt. By connecting them under th 
conditions with a galvanometer measuring current-etrength, 
a deflection of the needle indicating 8 milliamperae, 
the course of the galvanization the electrodes have b 
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they have undergone polarization, as the poles of a voltameter might 
have done, aud have consequently been converted into the two 
elements of a small secondary cell. 

This chemical and electrolytic action ia not limited to the rheo- 
phorc plate, but doubtless is continued into the skin, and we shall 
sec later that when we place the electrodes in direct contact with the 
tissues, such as the blood, muscles, etc., there is produced at the site 
of the electrodes an energetic chemical action causing an alteration 
in the tissues. The general result of this chemical action is evinced 
in a transfer of the organic acids to the positive pole and of the bases 
to the negalive pole. 

This is the principal cause of the local, or cutaneous, effects. If, 
with a current of medium intensity, we prolong sufficiently the 
duration of the application, a more or less lively sensation of burn- 
ing succeeds that of prickling ; the skin becomes intensely red and 
covered more or less extensively with papules. If the application is 
suspended at this moment, the lesions remain superficial, and are fol- 
lowed at the end of some days by desquamation of the epidermis. 

Moreover, a desquamation like that resulting from repeated thera- 
peutic applications is usually produced even when the intensity of the 
current has never l»eeu raised to the point of exciting a sensation of 
burning. 

Inten.se currents, particularly those which exceed the limit of the 
currents generally employed, give rise at once to phenomena that 
are more accentuated and more painful. At the negative pole, where 
a deposition of Ihiscs is produced, the vessels contract and the skin 
grows pale, and then takes mi a rosy hue, while at the same time it 
rises so as to form a projecting patch, resembling that of urticaria. 
Thi* elevation of the skin is due to a sort of tedema, which disap- 
pears quite rapidly, leaving in its stead a persistent redness. At the 
electrode which is connected with the positive pole, and at which the 
acids are deposited, the skin at once assumes a red color, which 
rapidly becomes intense and produces a dusky hue, and we observe 
here, instead of an (edematous infiltration, the production of small 
projection*. The redness persists alter the electrization, and is fol- 
Ii-ivkI, after the lapse of some time, by an abundant desquamation 
of epideruu. 

Whet) the galvanization lasts a long time the chemical action pro- 
skin is bo inteusc that disorganization of the derma 

at deep eschar result. It is very imported to know 
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that mortification of the skin muy take plaw as tfafl 
application that is sufficiently prolonged, and this, even win 
rente are used that are not very intense; and to know also t 
production of this result is considerably facilitated by a bii 
dition of the electrodes. 

It has been said that eschars are formed mainly at tofl n 
pole or at the spot where the bases are set free. This pro] 
has been found to be inarm rate by Roudct de Puris. \VI 
current is intense and baa been applied sufficiently long, an 
is formed, at each of the two poles. If only one eschar is for 
rite is in the part in contact with the positive electrode. 
point the acids produce a coagulation of the albuminoid subf 
and the eschar is hard and dry, while on the opposite side, 
point where the bases exert their action, the eschar is moist at 
and requires for its production a more intense or a more pn 
action. The positive electrode, then, is, on the whole, tin 
dangerous of the two. 

As the result of multiple and frequently renewed applii 
made with currents of medium intensity, the skin becomes et 
and irritable; it is covered with small papules, which beco 
eoriated, thus rendering the application more painful. 1 
becomes necessary either to suspend the application or to st 
electrodes so as to apply them at the adjacent spot, which i 
intact. 

The chemical action makes itself felt in the electrodes al 
wears them out. The best electrodes are covered with very 
chamois-skin. Under the influence of the chemical effect of 
we have been speaking this skin becomes hard and dry, an 
gets perforated. The surface of the patient's skin may the) 
into direct contact with the metallic surface. Our atten 
usually called to this fact by the development of a violent 
but if the cutaneous sensibility is blunted, the bad condition 
electrode may remain unnoticed and the formation of an 
speedily results. The condition of the electrodes, therefore, 
be looked upon with the greatest care. 

Interpolate Electrolysis. The great majority of ph. 
aod of electricians think that the galvanic current when it pen 
into the tissues produces there a chemical action proportiona 
intensity. In other words, the mass of tissues is regarded 
electrolyte in which the current circulates, doing chemical 
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From a theoretical point of view the decora position of tbe electrolyte 
represents the very cause for the conductivity of the tlSBues. It was, 
tnoreover, demonstrated a long time ago that every separate portion 
of tissue interposed in the circuit hecomes polarized and causes the 
development of a force opposing the electromotive force- This last 
has been shown to exist by means of the same kinds of apparatus 
that serve to measure the electromotive force. \Ve may refer in 
regard to this point to the experiments of Chaperon. 

But under the conditions ordinarily present in electrization the 
chemical eft'ects of the galvanic current can be recognized only upon 
the surface of the skin. Hence physicists, aud among others Gariel, 
think that in the interior of the body there are produced a chemical 
decomposition and recom position, from molecule to molecule, all 
along the circuit, in accordance with the well-known theory of 
G roth us. 

Since the tissues may in a general sort of way be regarded as a 
sponge impregnated with the salts of sodium and potassium, the 
polarization of such an electrolyte would produce ultimately a dispo- 
sition of the electro- positive bodies, like hydrogen, potassium, and 
s.xlium, at the negative pole, and of the electro- negative bodies, such 
as oxygen, chlorine, iodine, etc., at the positive pole. 

A very simple experiment of Parsons seems to make this way of 
interpreting the chemical work iu the interpolar circuit appear rea- 
sonable. Vessels containing a solution of potassium iodide are 
connected together by means of two pieces of wicking, passing re- 
spectively from the first to tbe second and from the second to the 
third. A strong galvanic current is then passed through the whole. 
The iodide is decomposed in the first and third vessels, but remains 
intact in the second. 

Nevertheless, this theoretical view has not been accepted by all 
experimenters. A certain number of them will have it that tbe 
polarization of the tissues is the origin of more or less profound 
modifications in the latter. According to theru, there are produced 
in the interior of the tissues phenomena analogous to those irbJofa 
develop at the poiuts in direct contact with tbe electrodes, but the 
former phenomena are less intense than the latter, l>ecau»e the cur- 
rent which passes through ihe tissues lias only a weak density aud 
meets with a comparatively slight resistance in its passage. As a 
matter of fact, when tin 1 resistance in the portion of the course lying 
within tbe organism gets to be greater the chemical action becomes 
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appreciable. At least this is what an experiment made by Er 
to prove. The two forearms are placed against each other, ; 
electrodes are applied to the opposite external surfaces of tl 
After having sent a galvanic current through them for soi 
when they are thus placed, we shall find more or less rubi 
existing at the spot were the forearms were in contact — thai 
double layer of skin at this spot has setup a resistance to the 
of the current, and heuce the electrolytic action of the litt 
become manifest there. 

As the current in the interior of the tissues necessarily mei 
some resistances, some physicists compare the mass of tissm 
electrolyte divided off by partitions, and hence arranged in i 
able way for producing electrolytic decomposition. 

E. H. Weber and Tripier have cited the effect produce 
taste as a proof of the electrolysis of the tissue. When the 
pole is applied to the tongue we get an acid flavor, while thi 
cation of the negative pole develops an alkaline taste. 

Tripier places the positive and the negative electrode alti 
upon one of the cheeks. The first gives rise to an acid, the 
to an alkaline taste. The author draws the conclusion that th 
ical disturbance produced is spread over an extended area. 
the circuit is closed by the application of both electrodes to th 
the taste perceived is neither acid nor alkaline, but simply m 

According to Rosenthal, in these experiments there is Dot) 
a simple excitation of the nerves of taste. He has called alte 
the fact that the gustatory sensations persist sometimes for hoi 
the galvanization, and that consequently they cannot tie ref 
the chemical action due to the passage of the current. 

Lastly, there is alleged as a chemical proof of the same tl 
result obtained by Dreehsel, who, by making alternating curt 
upon a solution of ammonium carbonate, demonstrated the pn 
of a certain amount of urea. 

In order to decide this debated question, some direct j 
interpolar electrolysis has to be given. This has been supj 
an experiment which we owe to O. Weiss. This physicist ej 
a frog's leg with a current of 1 to 2 milliamperea for five i 
As a result of the electrization the muscles of the thigh were 1 
bealtered,andattheend of some days it could be demonstrate! 
seupicaliv that thev exhibited important lesions. If it is aski 
then, the muscles remain intact in man, the answer is that a 
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of 1 milHampere for a frog'B leg represents a current of more than 
an ampere for the thigh of a man, which is over a thousaud times 
greater iu bulk. It would be simply a question of the density of the 
current. 

From these facts it is admitted that after galvanization the body 
when left to itself is found to be, as a result of polarization, charged 
like a secondary battery. To this idea Dan ion has raised the objec- 
tion that it is impossible after an electrization to demonstrate by 
physical means the existence of a contra -electro motive force emanat- 
ing from the parts that have been electrified ; but it may be stated 
that if there is a polarization this phenomenon must of necessity be 
followed by a depolarization, and, if it is impossible to demonstrate 
the existence of the latter, this fact may depend upon the special bob* 
ditions present when the polarization is accomplished. In fact, the 
process of depolarization must advance slowly on account of the rela- 
tive degree of resistance offered by the intra-organic medium, and the 
electric flow to which it gives rise must be diffused over a consider- 
able number of anatomical elements, and at the skin must meet with 
a resistance which prevents it from collecting outside. In other 
words, we must either admit that polarization and depolarization of 
the tissues both take place or deny the existence of both phenomena. 

Certainly there are many points relating to this important ques- 
tion that have yet to be cleared up. But we may say — and physi- 
cists and decfao-therupeutists are almost unanimous upon this point — 
that the chemical work of the galvanic current must be apparent 
somewhere, and that in the present case it is represented almost 
wholly by the polarization of the tissues. 

CATA phoresis. The galvanic current produces also another in- 
teresting physical phenomenon known under the name of cataphoric 
action. Cataphoresis consists in the transportation or conveying of 
liquids and of minute particles which the latter hold in suspension. 
Observed for the first time by Porret, the trausj>ortalion of liquids 
but been itodied by Becqu< ivl and u- WiuIcijmiiu, wlm nm-ir known 
the laws governing it. This action of transportation, which ie like- 
wise manifested in the case of solid bodies, takes place sometimes, as 
Jiirgensen has observed, in a direction opposite to that of the current. 
Smu'times, as Quincke lias shown, in the same direction. The salts, 
which are subjected to electrolysis, are themselves object- of traris- 
portntion. 

G. Weiss demonstrates the transportation of solid bodies iu the 
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following way: A U-shaped tube 15 centimetres long is fill 
solidified gelatin and placed astride of two vessels containing 
tion of eosin. A current of 0.10 tniliampcre is sent throi 
system, and in less than a week the branch of tbe tulie on 
with the negative pole is colored all the way through, while 
site of the positive pole the gelatin shows a colored part sc 
centimetre long. If the experiment is repeated with niethyli 
instead of eosin, (he positive branch is the one that becomes i 
i.e., the transportation this time has taken place in the satt 
tion as the eurrenl, although we know no reason for this di 
in the two cases. 

Owing to the small size of the anatomical elements, simil 
may occur in I lie interior of the tissues under the iiitlnene 
galvanic current. 

In recent years the attempt has been made to utilize th( 
noniena of electrolysis and of cataphoresis with the idea of 
certain medicines penetrate into the body. This matter will 
proper place in the part relating to the description of mei 
electrization. 

The reader has already Ijcen informed that a part of tbe e 
the current is expended in the production of heat. This pn 
is almost nU in those parts of the circuit where the resist] 
be ignored ; it becomes appreciable at all points where the n 
is increased. Here the electrodes get warm where they are 
tact with the skin; but under ordinary conditions, with t 
trodes well moistened, the increase in temperature is only l c 
C. for currents of 20 to 22 milliamperes. We do not, tl 
have to take this class of effects into con side rat ion. 

Vesicant Effects. We shall see later on that the thei 
feet of the current is used to produce gal va no-cautery ; but 
present it is only necessary to point out the effects of rubefac 
vesication, to which electrodes placed directly in contact i 
skin give rise. 

Boudet de Paris has devised a siUiill instrument (Fig. 79) 
under tbe name of the concentric stimulator and composed ol 
disk surrounded by a metallic ring of equal area. These tw 
which are separated by a slight groove, are mounted upon at 
plate, and are connected, one with the negative, tbe oilier i 
positive [Kile. The stimulator beiug applied to tbe skiu, it 
necessary to press upon the button in the handle to make tfai 
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pass. Acute pain is at once produced; the skin reddens and then 
becomes vesicated as though by an application made with a Mayor's 
hammer. It is a very active revulsant agent, which, according to 
the inventor, is an application of the thermic action of the current. 
This interpretation has lx»n doubted, and Baidet, among others, l>e- 
lieves that there is an exaggeration of the chemical action analogous 
to that which is produced when the chamois-skin of an ordinary 
electrode is perforated and allows the metallic part to come into 
direct contact with the surface of the skin. 




Physiological Effects properly so Called. Apart from 
these physico-chemical effects, is the galvanic current capable of set- 
ting into action the specific properties of the anatomical elements or 
of determining moditi cations in these propertie-'.' 

We may, with absolute certainty, answer in the affirmative ; but at 
the same time it must be noted that the question thus put is the most 
obscure of all that electro-physiology is concerned with, moat experi- 
menters having followed au anatomical or physiological order in 
studying organic reactions without taking sufficient thought of the 
physical conditions under which they placed themselves when in- 
vestigating the various organs. 

In particular there have !>een confounded in a one, common, de- 
scription effects which are due to the action of the continuous cur- 
rent and those which are the result of the passage of WWW which 
are more or less instantaneous. 

We must try to separate these two orders of facts, and for the 
present confine ourselves to examining the phenomena that arc at- 
tributable to the passage of the continuous current. Let us first take 
tioBB of the muscles and the nerves. 
i(Hl Upon l/h Sftuclet, When a continuous current is sent 
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for an instant through the gastrocnemius of a frog we get (I 
a making (or closing) contraction followed by a less marked 
ing (or opening) contraction. Between these two contracti 
mosole-traoe shows that the state of shortening of the mui 
persisted during the continuous stage of the current. Ti 
nomenouis known by the name of galvanotonic shortening 
traction. 




After the current is broken, the line of descent shows t 
muscle regains its former length slowly, because of there bein 
of residual contraction. 

Action Upon the Molar Nerve, If, instead of making the 
tion directly upon the muscle, we act upon the nerve with a ■ 
intensity sufficient to give us a reaction at both the time of 
and breaking, we get a sensibly different trace (Fig. 81). 
the continuous stage of the current the muscle returns almo 
lutely to its original state. 




How should we explain this difference? Should the pi 
contraction of the muscle during the passage of the current 
first case be referred simply to a sort of residue of the prima 
traction, which residue is absent in the second case ? To so 
question, observers have applied electrization to a curarieed 6 
by means of a rheostat have sent through the muscle a currenl 
starting from zero, increases very slowly and then diminishe 
same way. It is then observed that a galvanotonic contra) 
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produced which increases little by little with the intensity of the 
current, and diminishes, too, in proportion as the current grows 
weaker. The contractions due to the variable state are thus sup- 
pressed. 

The same experiment performed upon the nerve gives no muscular 
reaction at all. 

We may from thin draw the conclusion that a continuous flow of 
electricity without sudden variations does act upon the muscle, but 
is not adapted for exciting muscular contraction by stimulating the 
nerve. 

Somewhat analogous effects may be observed when galvanization is 
performed upon man. When the galvanic current reaches a certain 
intensity the muscles tend to become tetanized, even though there are 
no abrupt variations in the intensity of the current. This result ia 
observed only with quite strong currents which it would be diffi- 
cult for the patient to bear ; hence, they are not produced under ordi- 
nary conditions. The negative pole is more active in this respect 
than the positive. In any case, the tetanization due to galvanotonic 
contraction never has the wide extent or the energy of the tetanus 
produced by waves of electric action recurring in rapid succession. 

Electrotonic Action. Although the galvanic current is not 
adapted for exciting an indirect contraction of a muscle — i. c, a con- 
traction produced by stimulation of the supplying nerve — it, none the 
leas, exerts an important influew-e upon the physiological propertttl 
of the nerve through which it passes. The phenomenon in question, 
observed by Du Kois-Reymond, has been denoted in Germany by 
the name of rlectrosttilic action. It has played a very important 
part in the various theories enuueiated with respect to electric exci- 
tation. 

Confining ourselves to a simple statement of facts, we shall under- 
stand by the term electrostatic action : 

1. Manifestations indicating a modilicatiou of the specific excita- 
bility of the nerve. 

2. Electric manifestations. 

We owe to Pflngcr a study of these manifestations, which has 
become a classic ; we will, however, content ourselves with enunci- 
ating the principal facts discovered by this physiologist, and verified 
a great many times since. 

The passage of the galvanic current through a nerve results in a 
change in the way in which the nerve rOBponds t . . the action of 
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stimuli. Tins modification is produced directly ii[raii the pas 
the current. It makes itself felt through the whole extent 
nerve, but chiefly in the vicinity of the poles. 

At the negative pole and in its vicinity, both above and 
the excitability of the nerve is increased. This phenomenon ii 
under the name eatelectrotonus (from the word cathode, w 
used to denote the negative pole). 

On the other band, at the positive pole and its vieinitj 
above and below, the excitability of the nerve is diminished, 
nomenon which constitutes what is called anelectrotonus (fron 
— positive pole). 

Between the two poles there is an indifferent zone, in wh 
physiological projjerties do not undergo any modification. 

The effects produced by the passage of the current are propo 
to the duration and intensity of the latter, and they persist 
certain time after its cessation. However, all observers a 
agreed upon this latter point; according to some, the pher 
produced are instantaneous, and appear and disappear wi 
current. 

It has also been noted that while these manifestations last t 
a modification produced in the ability of the nerve to e 
stimuli coming from another point of the nerve. The result 
ever, obtained by different observers have been contradictor; 
this point. Hermann, who has taken up the study of this 00 
has found that, synchronously with the modifications in the j 
logical properties of the nerves produced during the passage 
current, the electrified nerve is the seat of electric manifes 
attributable to polarization. 

The French electricians, d'Arsonval and Houdet de Paris 
what are called electiotonic phenomena likewise to polariza 
the tissues. However, this question, although already so 
discussed, cannot be regarded as definitely settled. 

The nerves are not the only organs whose physiological pro 
are affected by the passage of the galvanic current; phen 
analogous to those which we have just described are tikewi. 
played in the muscles, but the passage of the current must 
much longer time in order lor these phenomena to become appre 

The sensory nerves of the skin show after electrization an ii; 
in this excitability. Ii' after galvanization of some minutes, 
with a current of some intensity, the direction of the i 
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reversed gradually and without the production of any shocks, the 
patient experiences acute pain, and can scarcely War a current a 
fourth or a third weaker than the first. It is only at the end of 
several minutes that we are able to get up to the same current- 
intensity again. We may conclude from this that the polarization 
produced in one direction renders the cutaneous nerves more excita- 
ble the moment the direction is changed. 

We will class with these observations those relating to what is 
called the fatigue-action exerted by the continuous current. 

When, as a result of repeated excitations, the muscle of an animal 
contracts but feebly — -when, in a word, the muscle is fatigued, we may, 
as Heideuheim has shown, restore the original excitability of the 
organ by sending a galvanic current through it for several minules. 

To remove fatigue, or restore a muscle, it is necessary to use a cur- 
rent opposite in direction to the first, i. /.:, it is necessary to depolarize 
the muscle. De Lyon lias shown that this effect is observed in the 
muscle of a living man. Poore likewise has observed that the mus- 
cles of man, when exhausted by continuous exercise, can have their 
vigor restored by means of galvanization. 

The continuous current exerts a large number of stimulating effects 
in addition to those described. These, however, are not so clearly 
marked in their development as the latter, inasmuch as they have 
been observed under conditions that are more or less complex. 

The current appears to exert a special action upon the unstriated 
muscles, doing so either directly or perhaps rather through the 
medium of the sympathetic motor nerves. This property has been 
put under contribution by therapeutics. 

The galvanic current is furthermore a stimulant of all the nerves 
of the great sympathetic, and particularly of (he vasomotor nerves. 
The modifications in the circulation produced by it were observed 
by Remak, who used what are called labile currents. Since then 
they have been likewise observed as a result of the application of 
the continuous current. They explain in part the trophic effects pro- 
duced by this method of electrization. 

The special senses are likewise very sensitive to the action of the 
galvanic current, but in this case it is impossible to separate the ef- 
fects due to the passage of the current from those which are set up 
ibrnpl variations produced by its continuous action. 

The MOM remark may l)e made regarding the phenomena observed 
tpeot to the tetstetiooB. Nevertheless, it seems well estab- 
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lished that continued currents a 
tiooB more active. 

The cerebrum is markedly affected by the passage of the coi 
ous current. But there again the facta that have been obe 
in man arc difficult to interpret on account of their complexity 
fact, when we apply electricity to the brain we at the name time 
ulate the sensory nerves (of sight, taste, and more rarely of be 
and various vasomotor nerves, the settiug intu action of whiel 
disturb the cerebral circulation. 

The characteristic phenomena produced upon the brain r 
repetition of the current consist in the development of vertigo, a 
panied by a sensation of cerebral malaise and disturbances o 
seiousness, and sometimes also by a sensation of external < 
being displaced. When the currents used arc sufficiently ii 
there are produced, as Hitzig has shown, associated movemc 
the eyes, oscillations of the body, and attacks of vertigo. Ther 
been also noted under these conditions vomiting, pallor of tin 
somnolence, and syncope. According to other observers, tin 
tinned current is also capable of producing symptoms of eerol in 
gestion, eclamptic convulsions, and even hemorrhage into the 
Feinlierg has observed modifications of the tern jierat tire, dene 
no doubt, upon vasomotor disturbances. 

Usually the supervention of vertigo is avoided when the ele 
tion is performed parallel to the sagittal suture, i. e., fro 
temple to the other. Oscillations of the body liecotne appareii 
when interruptions are made in tbe current. We may also n: 
the (act, of which Duchenne has noted an instance, that bli 
may possibly occur after an application to the head. 

The spinal cord appears likewise to be subject to tmpreamoi 
duced by the passage of the electric curreut. But here agi 
conditions of observation are very complex, for it is difficult to 
out the phenomena due to excitation of the vessels and nerv 
and to distinguish them from those referable to excitation of tl 
stance proper of the cord, which many physiologists regard 
capable of responding to an electric stimulus. 

However it may be in regard to the obscurity from a phy: 
cal standpoint of the facts that we have been citing, it i.s DOM I 
certain that electrization of tbe nerve-centres (brain and con 
duces therapeutic effects in disease. 

From this collection of facts it would seem as if t 
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current ought to exert a notable effect upon the general nutrition. 
And yet the researches followed out by d'Arsonval with regard to the 
influence of various methods of electrization upon the processes of 
respiratory combustion have turned out negative as far as the con- 
tinued current is concerned. 

In the experiments of this author made both upon man and upon 
animals the products of respiration were analyzed either immediately 
after electrization or twenty-four or forty-eight hours later. 

It would be interesting to take up the investigation agaiu and to 
verify the results announced by d'Arsonval, making in addition re- 
searches upon the modifications which may be produced in the urine. 

The principal facts with regard to the action of the current may 
in the present state of our knowledge be summarized as follows : 

The galvanic current penetrates into the depth of the tissues and 
is diffused through au area the extent of which depends upon the 
intensity of the current and the physical conditions under which it 
exerts its action. 

Through the whole of its course the phenomena produced are de- 
pendent upon the deusity of flow wheu the current reaches the several 
organs, and is proportioned to the specific excitability of the latter. 
But while there i* this tendency for certain specific phenomena to be 
brought into play, there is at the same tirue a general effect produced 
in common upon all the tissues through electrolytic molecular polar- 
ization. 

This physico-chemical work stirs up, so to speak, all the organic 
molecules, and, owing to depolarization, is followed by molecular 
work of another kind. 

These are the effects of a chemical nature which constitute prob- 
ably the principal and specific action of continuous electrization. If 
those who doubt their existence were correct, the thern|wittic indica- 
tions of this method of electrization would l>e considerably reduced. 

It is likewise admitted by most physicists, and practitioners agree 
in recognizing the same fact, that when a material lesion is in ques- 
tion preference should be given to the galvanic current. 

One of the probable consequences of this physico-chemical action 
consists in those modification! of the properties of the nerves, and to 
a less extent of the muscles, which correspond to the phenomena 
known under the name of electrostatic action. 

The galvanic current is a stimulant of the scamty nervotU 
and may in this way give rise to reflex action. '* 
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tbe great sympathetic nervous system, and doubtless also of sr 
muscular fibre and of glandular organs. 

By these various means it may set up vascular and secretory 
fications, which take a large share in producing the trophic i 

which are admitted to spring from it. 

Furthermore, the indication is for us to have recourse to it in 
in which we wish to act upon the living organs called vegetati\ 

Finally, the galvanic current either directly or indirectly m< 
the central nervous system (brain and cord), and exerts upon 
organs effects of stimulation, or, on the contrary, of depre 
according to the pathological circumstances present, and also at 
ing to the way in which it is applied. 

In a word, it cannot be contested that in it we possess one o 
most powerful of therapeutic agents. 

Variation Method. Having made a physiological study i 
continued method of applying electricity, we are now to take ti 
effects produced upon the organism by temporary currents or el 
waves. We shall have to distinguish between single waves and 
that recur periodically. 

The questions regarding the physical conditions produce 
means of these methods of excitation, and the physiological 
relating to the same subject, are still at present the object of 
retical discussions. It will be necessary for us in the main tc 
cognizance of well-established facts, without concerning ourselv 
the time being with the explanations of them which may be add 

In order to produce stimulation by means of electric waves w 
in practice discontinuous electrization, discharges from a t 
condenser, induction currents, and the static discharge. Wt 
complete our statement by summing up briefly the data recentl 
tained with respect to the effects produced by sinusoidal altern 
currents. 

Tbe discontinuous or interrupted current produces the effect ( 
continuous current, and, in addition, those which the variable 
exerts upon the nerves and muscles. 

Working, as we ordinarily do, with medical batteries or the I 
of induction-apparatus employed in practice, we find the ph; 
conditions complex and perhaps as yet not sufficiently defined. 
yet it is under these couditious that we most often use electric w 
not only in order to obtain a therapeutic effect, but also to in' 
gate the state of the nerves and muscles from a dtagnos 
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view. We keep in mind, however, as the main thing, that with the 
continuous current in particular the action produced is the result 
both of effects due to the permanent state and of those due to the 
variations. 

In practice the time during which the current passes through the 
organs is always much greater than the time takcu up by the varia- 
tions of making and breaking. Now we have just seen that the 
passage of the current, or the continuous state, produces modifica- 
tions in the physiological properties of the muscles and nerves pro- 
portioned to the intensity of the current, the duration of its applica- 
tion, and the depth at which the organ affected is situated. We must 
hence expect to obtain quite variable results by very reason of this 
variability in the conditions of observation. As most electricians 
at present admit that the continuous current entails a polarization of 
the tissues, we may say, in a general sort of way, that the effects of 
the variations of which we are going to speak, are complicated by 
the modifications produced by polarization of the tissues. 

In reality we find ourselves at present confronted by empirical 
observations the interpretation of which is still very obscure, and 
which, nevertheless, it is our business to be acquainted with, because 
of the practical services which they daily afford. 

Let us, in the first place, start with the facts regarding the exci- 
tation of the motor uerves. 

Physiologists who have studied this question upon mutilated ani- 
mals have used sometimes the polar, sometimes the bipolar method. 
Although at present we make use iu practice only of the polar 
iiii ilu.it. it is proper to call attention to the results which Ffliigcr 
obtained by using the bipolar method. These results are known 
under the name of the law of contractions. We may represent them 
under tin- following form: 1 




! Uerearul cluaw hern In the tn>>lc i ' .Iuhoim closure j n, ouenlug: Cl. ■ w«*k clonic oonlrec- 
: . ctc.clenrlr iimrkcd clonic contraction! of tucccailvalr Incraullig intensity ; 
•rul Te, Tonus. Wu ihus me ih«i wild tlm waU correal we net. It II 1* daaceuiUiiK, ■ -li.-lii 
ixnimrlli.ii, sml, If it is uceiiillnf, a well-: 
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We see that the results obtained vary with the intent 
current and with its direction. Most of them are easy to under 
if we take into consideration the difference between tbe chared 
the variation of the current at the moments of opening and cl< 
and also take into account the following propOsittatK ! 

The excitation is greater at the point at which the current 1 
the body than at the point by which it enters it. This law ar 
to be the corollary of what is called electrotonic action. 

The reader will call to mind the fact that at the moment of c] 
the circuit the establishment of the current is supplemented r. 
addition of a certain intensity, due to the fall of potential (dlffi 
between potcutial of the Open and the closed circuit), while $ 
moment of breaking we have simply the cessation of the curre 

Nevertheless when we endeavor by means of these data to 
pret the experimental facts recorded in the table, some of the r 
are such that there is room for various theoretical explanations. 

The laws of unipolar excitatiou have been studied by Chai 
by means of experiments which go back to 1859. About this 
Baicrlai'hcr was also busy with this same question. 

A little later the unipolar method was applied to the dim. 
and treatment of diseases of the neuro-muscular system by Bre 
whose studies were completed hv Filehne, Erb, de Watteville, i 

Chauvean placed animals or man in a bath, the letter to in: 
the active pole, and arranged the results which he got under the 
of curves. He has thus established for the excitations product 
closure of the circuit that there is a certain current -strength (in 
eral, a moderate oue) with which we get contractions equal it 
and duration at both poles. With greater current-intensitit 
negative pole is the more active, with less intensities the po 
pole is the more active. When the intensity of the current 
creased the action of the positive pole increases with it, often 
regular manner, being then represented in the graphic constn 
by an oblique straight line more or less ascending, while in 
cases it is represented by a line more or less curved. The acti 
the negative pole at first increases with the intensity of the cu 
then the increase takes place more slowly or the action bei 
stationary, and sometimes even shows a slight decrease. 
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We thus get 

CaC> AnC; 
then CaC - AnC ; 
theo CaC<AnC,' 

Excitations due to the breaking of the current give the contrary 
results. The negative pole has hut a slight tendency to excite con- 
tractions at the moment of opening the circuit ; hence, with a mod- 
erately strong current, we simply observe an AnOCl, later on the 
action of the two poles becomes equal, and then the action of the 
negative pole increases in proportion as that of the positive pole 
grows weaker. We hence have : 

CaO <AnO; 
then CaO - AnO; 
then CaO> AuO. 

The observations of Chauveau have been confirmed by various 
authors, and have been completed in certaiu points by Boudet de 
Paris. 

In Germany, in order to obtain unipolar excitation in man, they 
apply a large or inactive electrode, as it is called, to a spot that is not 
very sensitive, such as the sternum, tibia, or vertebral column. We 
may also immerse the lower limbs up to the mid-leg in a tub of warm 
water. To get results that shall be comparable with one another it 
is necessary to secure all of them under the same conditions. 

What is called the active electrode is represented by a pad placed 
in the immediate vicinity of the nerve, e. g., just above the epi- 
trocli lea when it is designed to stimulate the ulnar nerve at the tlbowt. 

Helmholtz slates that this arrangement brings about physical 
conditions analogous to those of bipolar excitation. 

By looking at the schematic drawing (Fig. 82) we see that there 
are formed over the course traversed by the current poles which Erb 
has denoted by the name of virtual poles. 

In the present ease, for one positive pole we have two virtual 
negative poles, ('. e., two segments at which the current cornea out 
the nerve with a certain density. 

The predominant action of a pole which is applied close to ■ nerve 
in determined by the density. 



' AnC, ADO, wean Ibe reullon U 
opBQtnrnf Uie circuit ; Cm', CeO, i 
CftOCI, mlcht bo iub.iitui.-i] for II 
lrbcre «!»u It !• regiuiled u nor. 




tiK pluce »l IbK |>ntli.1>e }Hiii! ItririH ft! the dmltiii aw! 

I AnOCl, CaCCl, 

e cxpnulniu, H tun been 4on« In itir UblM UUc an, 
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The results obtained in man by Brenner under condit 
nature have been verified by Erb. They may be summari 
follows : 

In the first place, we notice that the negative pole gives 
mainly tit the closure of the circuit, tin. 1 positive pole mniuly 
opening of the latter. This general law agrees with Pfliiger's 
shocks, when we take into consideration what are called ■ 
poles, and also agrees with Chauveau's law. 




The action of the negative pole is much more marked tha 
of the positive pole. When we use this pole the shocks are i 
and instantaneous uutil we get to the point where tetanic eontn 
are produced. 

The first effect obtained, theu, is CaelO, and to get other 
e must increase the intensity of the current. Erb gives the 



following 
the current : 



ve degrees of action according to the streu 



Degree of Currant, 

1. Weak current 

2. Medium current 

3. StroDg current 



Effect Find need, 

CacO. 

CaCCl'; AnCCl. AnOCl. 

CnCTe, AnCCl', AnOCl", CaOCl. 



The variations from this scheme that may be observed ic 
are referable to the greater or less depth of the nerve belo 
surface. 

By increasing still more the intensity of the current we 4 
see AnOTe develop. This result cannot be obtained in the h 
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For the same.' nerve, and the physical conditions of the examina- 
tion remaining always as nearly identical as possible, the results 
obtained are constant. They can, therefore, serve as a guide to the 
diagnosis, 

In the tables which Erb lias drawn up the intensity of the currents 
used is not noted in milliamperes. The following table is one in 
which are summarized several examinations made upon the ulnar nerve 
of man by means of a current of increasing intensity, measured in 
milliamperes : 



Intensity Id 






Poii live Pole after 


MUUampina. 


Negative Pole. 


Positive Pole. 


Polarisation. 


I. 4 to 5 


OtOd or OnCcl' 






6 


CaCCI 


AdCcI 


AnOcl. 


If. 9 to 10 


CaCCK 


AnCcl' 


AnOct'. 


12 to 13 


CaCCI" 


AnCcl', AnOcI 


AuOcl'. 


III. 14 to 15 


CaClTe, CaOcl 


AnCcl', AnOcl' 


AnOCl, AnCCI. 


18to20 


CaClTe, CaOcl ' 


AnCCI, AnOCl 


AnOCl ', AnCCI. 



Above 20 rnilliarupcres (an intensity which it is difficult to get the 
patient to Stand), an OCl> CC1 up to 25 milliamperes. 

Erb has justly observed that the examination of a nerve made 
for purposes of diagnosis should be performed according to a fixed, 
invariable method. He proceeds in the following manner: 

He begins at the negative pole with a current of low intensity and 
determines three times in succession the value of the current, which 
gives CaCCI. Then he increases the intensity of the current until 
he succeeds in producing AnOCl. This done, he changes the pole 
and tests for AnCCI and AnOCl. When be wishes to get the 
breaking contraction at the positive pole, he is careful to let the 
current go on for some time so as to increase the excitability of the 
nerve. The intensity of the current should be progressively in- 
creased until a tetanic contraction is produced. Normally, the 
single contraction CI (which is denoted by el when it is very slight) 
is followed by successively stronger contractions, which may be de- 
noted by Cl'Cl"CI'". 

The conditions of examination are fortunately favorable when it 
is possible to make upon the same subject a comparative test of both 
the sound and atlected sides 

The author uses a sensibly different method. He logins in the 
same way — i, e. } by placing the negative pole upon the nerve, since 
this pole always gives the first reaction — and, after having repeated 
two or three times with a low current-intensity the making and break- 
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ing excitations, and noting the results of examination, he r^ver? 
current and, using the same on rrent-in tensity, tests the positivi 

It is only after making these successive tests of the two pole 
the same current-intensity, and for hoth the closing and the bn 
of the circuit, that the intensity of the current is increased ; tl 
once more begins manipulating with the negative pole, afte 
takes the positive pole, and so proceeds. 

This reversal of the current seems to me lo do away wi 
effects of polarization more effectively than does Erb's method 

The results recorded in the last column of the table an 
which we get when the circuit is broken after electrization 
nerve bus been carried on for some time. 

Muscles are endowed with contractility, and this property is 
liar to them. But in the normal state we cannot act iipi.ii n 
without at the same time acting upon their nerves. 

The stimulant action of the electricity, therefore, is exerted 
a complex tissue, and the effect which results from it is, in 
measure, a resultant and not a simple action. Hence, in < 
pathological cases in which the nerves are altered we observe r 
cations in the muscular reactions. 

Most physiologists, among whom I will mention von I 
Hering, Engelmann, and Biedermann, think that for excitati 
the muscles there is a. law analogous to that which governs thi 
tations of the nerves. According to Wuudt, this law holds 
only when the electric stimulation is applied to the upper part 
muscle. It is no longer exact when the whole length of the i 
is contained in the circuit. 

The facts observed in man or in an animal that has nol 
vivisected are distinct according as the excitation is bipolar ( 
polar. 

When we perform bipolar excitation, by means of elec 
placed outside of the points where the motor nerves make 
entrance, we get a contraction limited to the parts comprised be 
the two poles and the parts in their vicinity. The making vai 
is the only one that is active ; the contraction at the breaking i 
circuit is either absent or occurs as a rare exception. The mu 
contractions are less abrupt than those which result from stimu 
of the nerve. 

Iu the case of unipolar excitation, the reaction CaCCI is not 
more intense than AuCCl, a result which, according to Heri 
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the consequence of the anatomical conditions presented by the muscle. 
For in (his case, especially when the application in made to large 
masses of muscle, he holds that multiple virtual poles are formed, 
which prevent what is called the active pole from having any marked 
superiority of action. 

It is important to remember that the muscle remains tetanized 
during the passage of the current, and that this peculiar state may 
render the effect of breaking the circuit less appreciable; yet if we 
work upon an animal and take tracings of the contraction, it is easy 
to demonstrate, by beginning with the production of a breaking 
variation, that the effect due to closing of the circuit is the prepon- 
derant one. 

Following various physiologists, Wundt and Boudet de Paris, who 
made a comparative study of the effects of direct and of indirect 
stimulation of a muscle, have shown that when of equal intensity 
galvanic excitations do not act in the same manner upon a nerve and 
upon a muscle. A stimulus that is incapable of producing tetauUB, 
when acting through the medium of a nerve, can, when applied to 
a muscle, produce tetauic (elect rotonic) contraction. The two poles 
Bhow themselves equally active in this regard. 

We shall have to return later on to the probable causes of these 
differences between the muscular and the nervous reactions. 

Unipolar stimulation of healthy muscles in man has given re- 
sults which may lie presented in tabular form as follows : 



briMMf la 

JIUlUrapira. 

5 to 8 


Negative Ftrit, 
CaCUl 


rnaUlve l*ole. 
AdCcI. 


8 W 10 


QtOOi' 


AnCc!'. 


12 to 15 


C»C01' 


AnCI, ABO&1 



Physiologists generally agree with Plh'iger in the belief that the 
reaction of the sensory uerves obeys the same laws as those which 
regulate the motor nerves, lu regard to this matter we may point 
out only the results obtained in man. 

The first reaction observed is that which the negative pole produce! 
at the moment when the current is established. We hence have to 
start with CaCS 1 , when the sensation represented by the symbol S is 
brief and resembles a prickling, When the current becomes stronger 
this sensation is more accentuated and more [jersistent, but is local 
and eccentric. It disappears gradually during the passage of the 
current. 



> 
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The intensity of the current must l>e increased still more i 
duce AdOS, which gives rise to a rapid sensation, and then - 
manifested by a sensation which, though slight, persists duri 
passage of the current. 

If, with intense currents, after having obtained Cu< 8, H 
until the sensation produced by breaking the circuit has disap| 
CaOS gives a weak but still distinct sensation. During the 
duration of the test the patient experiences a sense of burning 
point where the electrode is applied. 

It is seen that for sensory, as well as for motor nerves, the n> 
pole mainly produces reactions at the time of closing the c 
that, on the other hand, the positive pole gives rise to reaction 
the circuit is broken; and that in this case also the negative 
still the more active ol the two. 

The nerves of special sensibility are very readily affected 
current. We possess results upon this point, many of whic 
been obtained by various physiologists upon th cnwcl ra. 

The eyes are particularly sensitive, a fact which explains t 
velopmcut of luminous sensations and of the flashes of ligl 
occur, as we have seen, uuder the influence of induced cnrrenl 
duced in the course of electrization of the neck or even of tht 

The first observers — Volta, Ritter, and Ilelmholtz — ha 
scribed the effects of galvanic currents, without taking account 
polar action and without distinguishing the effects of the cout 
state from those which are referable to the variable suite. 

We owe to Brenner (1862) the statement of the laws got 
the phenomena produced by polar stimulation. This observer 
that each interruption of the current (0 or C) excites an i 
luminous sensation, accompanied by the production of a 
lightning-like flash, but with a hue varying according to tl 
employed. Thus : 

Flub. 

With OaC reddish or |>ale yellow 

" CaC bluish or blue. 

" AnC ...... bluish or blue. 

'' AnC ...... reddish or pale yellow 

The use of intense currents generate in the field of vision a l» 
figure, taking the shape of a parallelogram or a polygon, sum 
by a pale aureola, likewise varying in color according to tl 
that is acting and the nature of the variation (O or C). I 
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color-effects vary according to the subject ; the flash always showing 
the same hue iu the same person, but varying from one person to 
another. 

These luminous phenomena result from the stimulation of the 
ntina or optic nerve, it not being possible to localize their point of 
origin more precisely than by this general statement. To obtain 
them the inactive electrode is applied to the uape of the neck or to 
the sternum, the active electrode beiug upon the closet! eyelid or upon 
the temple. The subject should be placed in a dark room. 

It is likewise Brenner's observation* that have made us acquainted 
with the law of stimulation of the auditory nerve. This nerve ap- 
pears to behave like a motor nerve. For here, again, the negative 
pole shows its superiority of action over the positive pole and pro- 
duces effects mainly at the making of the circuit, while the positive 
pole acts mainly at the moment when the circuit is broken. 

Currents of medium intensity give CaCAu, 1 when they are stronger 
we get lOaCAu' (when Au' represents a more intense sensation). To 
obtain AnOAu, Erb advises that before breaking the circuit the 
current he allowed to flow for some time, so as to polarize the nerve. 

The quality of sound perceived varies according to the subject, most 
generally in the healthy state; the sensation produced is compared by 
the persons subjected to the test to a whistling, a buzzing, or a bub- 
bling, when the currents are of moderate intensity ; strong currents 
cause, under the same conditions, a more intense, more musical sound. 

Formerly, in order to make an electrical test of the hearing, a 
special electrode was introduced into the external auditory canal. 
This troublesome method has been given up ever since Erb showed 
lh;it the results obtained are sensibly the same when a small pad- 
electrode is applied somewhat forcibly to the tragus, the other elec- 
trode being held against the nape of the neck. 

We have already had occasion to speak of the great excitability 
of the nerves of taste, so we shall not need to return to this subject 
at present. 

The reactions of the olfactory uerve, which have been but little 
known, have been studied recently by Arunsohn mdet the direction 
of E. Remak. To obtain them this observer Alls the nasal cavities 
with a weak saline solution at a temperature of 38° C, and intro- 
duces into the nose an (Hive-shaped electrode, while a large electrode 
is placed against the forehead. The effects produced are analogous 
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to those which Brenner has noted with respect to the auditory 
The subjects experienced with CaC and AnO specific seos. 
which did Dot, however, recall, as some have said, an odor of 
phorus. Very weak currents of 0.1 to 0,2 milliampere siil 
produce these sensations. 

The effects caused by excitation of the secretory nerves hav 
little studied in man. Nevertheless, it is certain that electri 
and especially discontinuous application, can increase either by 
or by reflex action the activity of the various secretions. It 
instance, possible to excite an abundant secretion of saliva by 
of continuous or discontinuous electrization of the parotid : 
The author has been able by this means to bring back the 
secretion in an old woman convalescing from a gastro intesti 
lection from which she had derived a marked dryness of the 
and mouth. 

From experiments that have been made upon animals, the 
of electrization of the parotid region may be referred in part to 
lation of the chorda tympam. In mau there is perhaps tew 
iuvoking as the chief means of accounting for them a reflex 
taking place through the medium of the gustatory nerves, 
excitability is quite great. 

A great number of experiments made upon animals have 
that electri zat ion of the greal cervical sympathetic produces i 
tant vasomotor effects. But in almost the whole of these exper 
the induced current has been made use of. No inference, the 
can be drawn from them with regard to the phenomena whi' 
be produced in man by electrization of the sympathetic in tin 
a method with which physicians have been actively working foi 
years back. Moreover, it is impossible in this method of ele 
tion to limit the action of the current to stimulation of the symp; 
alone; we at the same time stimulate the vagus and brachial p 
and certainly, too, excite various reflex actions. 

In experiments made by G. Fischer upon horses and eats, e 
zation of the sympathetic in the neck, performed through the 
as in man, procured modifications of the cerebral circulation 
effects can be referred as well to centripetal stimulation of the 
and of the cutaneous sensory nerves as to stimulation of the oe 
sympathetic 

In man the phenomena observed are very complex. There 
been obtained various pupillary reactions and disturbances of < 
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latiou in tlic fundus of the eye, disturhiiiurs which (ire manifested 
sometimes by hyperemia, sometimes by anremia. Beard, Bulenburg, 
and Schmidt have noticed a lowering of the arterial pressure, a dimi- 
nution in the number of pulsations, and hence corresponding modifi- 
cations in the sphygmographie trace. These effects are prolwbly the 
result of stimulation of the vagus. The same method of elect ri nation 
may also, according to A Meyer, determine an elevation of tempera- 
ture, showing itself usually in the corresponding arm, and an excita- 
tion of the secretion of sweat, visible at the tips of the fingers and in the 
palm of the hand. Adamkicwicz has, it will be recollected, obtained 
analogous sudorific effects by stimulating the eerebro -spinal nerves. 

We may also note among the results of the electrizatiun of the 
neck somnolence, vertigo, and variouB disturbances of the peripheral 
or central circulation. 

It has been aBked if the heart is affected by the passage of the 
current or by variations in the latter. The question has been studied 
in man by Von Ziemssen in a case in which, owing to a resection of 
the ribs, the heart beat directly beneath the skin. 

The current- variation due to making the circuit (CaC), the con- 
tinuous current (the negative pole Wing placed upon the heart), and 
successive reversals of the galvanic current, result in an increase in 
the Dumber of heart-beats. Intense currents and slow excitations 
produce a slowing of the heart's action. According to Von Ziems- 
sen, the cardiac muscle may, as regards its selective reactions, be 
placed in a similar category with other striated muscles. 

Stimulation of the phrenic nerve produces contractions of the 
diaphragm, which are not painful and which obey the law governing 
the motor nerves. 

The stomach, intestines, urethra, bladder, and uterus — in a word, 
all hollow organs containing smooth muscular fibres, appear to be 
very sensitive to the action of the galvanic current ; but so far we 
lack precise and decisive experiments upou this jtuint. 

From observations made upon man by Houdet de Paris, the most 
distinctly marked intestinal reaotieas ooenr when we revere the cur- 
rent, :tn<\ when we interrupt it after having produced polarization 
bj miMim of the continuous current kept up fw some time. The 
same perhaps is true fur all the other organs containing smooth mus- 
cular fibres. 

It is to Chauveau that we are indebted Cot the first Btttdiaa of the 
]>olar stimulation of nerves by mean- ofinduoed currents. This ob- 
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server was the first to make the important observation that irn 

currents U'ing ol'lit^li rltvt.romotiw ionr, v.! ■ 
be ignored under ordinary conditions, afford more regular r* 
particularly wben we make our applications to animals whose i 
cord or whose nerves are divided. 

The facts observed in man are simpler than with the galvani 
rent. In fact, we have only to consider two varieties, that of ■*! 
being too weak to produce an appreciable stimulation ; the var 
produced by the breaking of the current is, for the physical r« 
the only one that is active; and the stimulation of nerves, by i 
of the induced curreut, accordingly, is less interesting from the 
of view both of diagnosis and treatment. 

With weak currents the reaction produced at the negative j 
the only one that is followed by an energetic contraction, no res 
being obtained with the positive pole. The result remains the 
whatever be the direction of the current; i.e., whatever be the 
of the inactive pole. 

When the currents are stronger both poles are active, but the 
tion produced when the negative pole is used is always more in 

Stimulation of a nerve by induced currents hence presents a o 
analogy with that obtained by means of the interrupted direct 
rent. The physiological reaction, however, shows an imp< 
difference. 

When we use a galvanic current, an increase in the intens 
the latter causes, as has been seen, constantly stronger and more 
tained contractions until finally tetanus is prodnced. 

With the induced current the contractions are rapid and iso 
If we proceed to increase the intensity of the current, we get stii 
tion through a more extensive zone; the contraction, to a certai 
tent, takes in more territory, but it does not give rise to tetannt 

With the kinds of induction-apparatus used in practice a i-oi 
tion commonly occurs, whether we use the positive or the neg 
pole as our active pole ; but when we have got a clearly marked 
tion with tin' latter, we litiw to itnTiTise the intensity of the eu 
a little in order to excite an equivalent reaction with the positive 

Excitation of the muscles by the induced current is more into: 
ing in practice than that of the nerves. The reader is aware o 
important part which, since the labors of Duchenue, it again ] 
as a therapeutic method. It also renders great service from a i 
nostic point of view. 
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The bipolar and the polar methods are employed. 

To perform bipolar stimulation we place botli electrodes along llie 
course of the muscle. Ducheune has recommended that they be ap- 
plied as near as possible to the points where the nerves enter the 
muscles. If we follow this advice, we find ourselves in the midst of 
complex conditions, which may, however, have their practical utility. 
We get at the breaking of the current a well-marked instantaneous 
contraction, which is transformed into a tetanus as soon as the inter- 
ruptions reach the number of 40 a second. 

When we employ unipolar stimulation the negative pole still shows 
itself more active than the positive. Under the conditions ordinarily 
found in practice wc get at the breaking of the circuit a contraction 
both with the positive and with the negative pole, but in the latter 
case the effect is more energetic. 

The determination of the current-intensity absolutely necessary to 
excite a well-marked contraction is very important, both for purposes 
of diagnosis and treatment. For diagnosis we thus get a better 
estimate of the modifications which may occur during stimulation by 
the induced current, and in treatment we, by this means, avoid the 
disagreeable effects resulting from overstrong excitations. This 
object can be readily attained when the form of apparatus with a 
slidiug-staud is used. 

The sensory nerves are strongly stimulated by the induced currents, 
and these currents might be utilized oftener than they are in practice 
when it is a question of determining the condition in which the 
cutaneous sensibility may happen to be. 

In describing the phenomena, we must distinguish between tttfl 
effects produced by stimulation of the cutaneous nerves and those 
which are caused by stimulation of the nerve-trunks. 

In the skin each induced wave gives rise to a sensation which is 
compared to a alight prickling. When the spring of the interrupter 
vibrati-s freely wc get a continuous sensation, and even a painful 
sense of burning, especially if we make use of the current from a 
coil with long tine wire. 

Wlii'ii the skin and the electrodes arc dry the painful sensation 
becomes one of the most distressing that we can have ; it reaches its 
greatest intensity when the electrode is a metallic brush. 

After excitation, the cutaneous sensibility remains, modified for 
tMN time. Dimotlyifter the application the tactile sensibility is 
diminished ; later, on the contrary, it is slightly exalted. If the 
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metallic brush is lined, the diminution in sensibility which foil 
more persistent, and is replaced hut slowly by a hyperesthesia 
sometimes lasts for a whole day. When application with the 
has been renewed several times the resulting hyperesthesia m 
for several days. Hence, Rumpf, Engender, and Vulpiai 
utilized this method in order to combat cutaneous anaesthesia. 

The application of the electrodes in the region of i)ie 
trunks gives rise to a sensation of prickling and numbness, 
radiates toward the periphery. The negative pole is in th 
more active than the positive. Lastly, the pain is the more 
the more frequent the interruptions are. 

Stimulation of the cutaneous nerves by induced currents is ; 
erful means of producing revulsion, which, since the ti 
Duchenne, has often been made use of. Of the ranof 
produced in a reflex way we will mention ouly the most imp 
Feinberg has observed, as a result of stimulating the skin w 
metallic brush, cerebral anosmia followed by cerebral hype 
In the experiments made by Itumpf the hypenemia is prodi 
the cerebral hemisphere of the side opposite to the point stim 
According to von Baseh, excitation of the skin of the abdorm 
the metallic brush causes abdominal plethora, and a cerebral s 
which may induce syncope. 

To complete what has been said upon the subject of general 
bility, it is necessary to recollect the fact that, according i 
chenne, there is a muscular sensibility proper, or rather an < 
muscular sensibility. At the moment when the muscle coi 
under the influence of the electrical stimulus, the subject expe 
a dull, deeply situated sensation, the intensity of which is in j 
tion to the energy of the contraction. When the muscle is bet 
this sensation is, in general, the same as that of a painful crai 

The special senses have beeu studied only with the gal van 
rent. There is, therefore, nothing of interest to speak of reg 
the farad ic reactions of the organs of special sensibility. 

Some observations made upon the secretory and vasomotor 
deserve mention. Cutaneous faradization performed with a n 
brush gives rise to local sweating, more or less marked Heon 
the region all'ceted. Is this the result of the direct stimulation 
sudorific nerves? As has already been said, faradization wi 
brush constitutes one of the most active of revulsive me 
and hence the sweating may be produced in a reflex 1 
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estimating the result we must take this property of the application 
into account, even when it seems to be solely a question of a local 
effect. 

However this may be, we have already, when studying thermic 
agents, cited facts which prove that the sudorific nerves respond to 
farad ic stimulation. Thus, Adamkiewicz obtained abundant sweat- 
ing in the plantar region by faradizing the tibial nerve in the pop- 
liteal space. 

Numerous experiments made upon auimals authorize the belief 
that it would lw? easy to stimulate various secretions by means of 
faradization. As regards the lacteal secretion, it has been increased 
by weak eurreuts, as has been done by H. Pierron, the negative 
pole being placed beneath the breast, and the positive being placed 
Upon the nipple and carried to and fro over the gland. 

The effects of faradization upon the vasomotor nerves has been 
but little studied. Tripier made observations allowing with abso- 
lute certainty that faradization of a determinate region is accompanied 
by over-activity of the circulation and the development of arterial 
jiiil-utions, and that these phenomena cease as soon as the electriza- 
tion is interrupted. But in such eases the effects are complex, for we 
act upon several orgaus at onee — namely, upon both vessel- rod 
nerves, while at the same time we stir up reflex actions. It is prob- 
able enough that it is by means of this last-named mechanism — i. <:, 
by a reflex channel — that we produce vaso-dilatation. 

The effects observed upon the blood-pressure and the general 
circulatiuu appear likewise to be of reflex origin. 

When we perform faradization in the region of the neck we get 
dilatation of the pupil upon the corresponding side and a modification 
of the temperature, that of the check becoming somewhat lowered 
after from two to twelve minutes. Stimulation of the nerves of the 
limbs, such as the ulnar and peroneal nerves, likewise, as Eiilenburg 
and Przewoski have demonstrated, causes a lowering of temperature in 
the corresponding limbs, soon followed by an elevation of 0.5° above 
the normal. All these effects seem to result from the stimulation of 
the sensory cutaneous nerves rather than the direct, stimulation of 
tiie vasomotors. They come, therefore, at least in part, under the 
head of revulsion. 

Jn the neck we find, moreover, the vagus and phrenic nerves. 
These can certainly be affected by the faradie current 

Stimulation of the vagus may produce a contraction of the raus- 
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cles of the larynx ami cause movements of the stomach ami ii 
tine. Brenner has seen vomiting or efforts at vomiting oc 
(ierbardt lias succeeded in stimulating the laryngeal branches. 
we place the active electrode upon the level of the superior corn 
the thyroid cartilage, we can readily set the superior laryngeal o 
into action. It is more difficult to reach the inferior laryngeal at 
although we can do it by applying the electrode at the level of 
inferior border of the same cartilage. Nevertheless, extra-laryn 
faradization is efficacious enough to serve as a substitute for it 
laryngeal faradization, and the numerous therapeutic results obta 
by many practitioners now put this fact beyond doubt. 

It is important to know that through the medium of the vagi 
can reach the heart and cause it to stop lieatiug, for this cousti 
one of the dangers in performing faradization of the phrenic ii 
neck (H. A. Hare and Edward Martin), a procedure which has 
often resorted to in cases of chloroform asphyxia. 

But while the heart may be influenced indirectly through the 
diura of the vagus, it may, according to the observations of 
Ziemsseu, l)e regarded as itself insensitive to induced curr 
These observations were made upon a subject whose ribs had 
resected, the conditions being, therefore, those under which, a 
have seen, the galvanic current produces an effect. 

The stomach and intestines are often subjected to faradic stin 
tion. External faradization properly made is certainly able to e 
contractions of the stomach. Nor is it without effect upon th 
testine also, although in general the latter organ reacts less distil 
than does the stomach. 

Internal farad istat ion gives more complete results. We can get n 
fest and rapid reactions at the rectum or sphincter ani, and it is 
established that the stomach responds distinctly to stimulation ea 
directly into its cavity. 

A diminution in the size of the spleen has beeu obtaine 
animals by faradization, either of the nerve trunks distribute 
it or of certain peripheral nerves (Mosler and Jerusalimsky). Ai 
the latter may be mentioned the sciatic, which lias lieen previous: 
vided (Tarchanoff), and the vagus (Oehl). lu man faradizatir 
the splenic region, done with a therapeutic object, has given ic 
stant results. Side by side with various fruitless attempts, qu 
large uumlier of successes have lieen enumerated. 

The urethra and bladder are sensitive to faradization. The ! 
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is true of the uterus, although the latter organ appears to be more 
readily stimulated by the interrupted galvanic current. 

Faradization always eu tails an increase in the size of the contracted 
muscle, whether the latter be striated or smooth. At the same time 
it causes an elevation of the temperature of the muscle, even when 
it does not cause a sharply marked contraction. Galvanization, on 
the other hand, produces heat only when there is a contraction of the 
muscle. 

As a correlative of this, d'Arsonval has observed exaggeration of 
the respiratory combustion following faradization, while, it will be 
remembered, galvanization remains inactive in this regard. 

Thus a very gentle faradization, when generalize*!, may entail a 
modification of tissue-met amor jiliosia and increase the production of 
heat when the conditions are such that no apparent muscular eon- 
traction is seen to be produced. This is what is particularly observed 
as a result of the farad ic bath, which produces a simultaneous stimu- 
lation of the muscular and the sensory nervous system. 

When the muscular contractions are extensive aud tetanic, the 
elevation of the central temperature may be considerable. Electrical 
tetanus may thus, as Charles Richet has shown, even result in death 
through hyperthermia. 

There is a certain difference between the physiological properties 
of the extra-current and those of the induced current. The results 
obtained by Duchcnne in this respect are as follows : 

The induced current dillers from the extra-current in its more 
lively action upon cutaneous sensibility, its superiority in produc- 
ing reflex contractions and stimulation of the retina, and by the 
greater depth of its penetration into the tissues, when the rheophnres 
are moistened. 

The extra-current has the advantage over the other when it is a 
question of stimulating certain superficial organs, such as the mus- 
cles or mixed nerves and the testicles, or various hollow organs, such 
as the bladder and rectum. 

The difference between the two is the more appreciable in propor- 
tion as the intermissions are more rapidly repeated. 

Dticbemie used very frequent intermissions. At present we often 
make use of intermissions that are less frequent, and it has been dis- 
covered that the latter are Ijctter adapted iiir performing faradization 
of muscles and of some organ containing smooth muaoalar Bbraa, 
For instance, Dauion does not care to have more than from 
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three intermissions a second in order (o stimulate the iotes 
bladder. 

Cltno Weil has stated that there is no markeil difference liet< 
tlje electromotive force of coils with fine wire and coils with O 
wire, the self-induction diminishing greatly the electromotive : 
of the long-wire coil. The coarse-wire coil, the resistance of m 
is low, should, according to him, be preferred in all eases in « 
there are no great resistances to overcome, and hence is to be etnpl 
for stimulating the motor nerves and the muscles where moist 
trodes are used. On the other hand, the fine-wire coil must be 
for overcoming great resistances, e.g., for stimulating the cutai 
sensibility by means of dry electrodes. 

Effects Produced by Static Currents. Static charges 
the Leyden jar or in the form of sparks from static machines pru 
effects analogous to those which we have just described in spea 
about induced currents. We may, with the electricity of the static 
chine, as well as with that of the coil, get modifications of eutar 
sensibility and excite direct or indirect contraction of the MM 
Static electricity presents, moreover, the advantage that eontrac 
can be had when the electrization is made through the clothing. 
constitutes, aa Schwanda has stated, the surest means of reach i 
muscle without the stimulus being propagated to the neighlx 
muscles. Lastly, the muscles in certain pathological conditions 
respond to the static discharge, although their faradic excitah 
and sometimes their galvanic excitability, too, have disappeared. 



• 



We have just studied the effects obtained by the variable eh 
states produced by means of the galvanic current, the various I. 
of induction-apparatus, and the various kinds of static apparnli 
The facts that we have enunciated with regard to the slimnl: 
of nerves and muscles seem to show that the effects of this Btio 
tion vary with the source of the electricity. This question, w 
has for a long time occupied the atteution of physiologists, baa g 
rise in recent years to some interesting works. These tend to dei 
st rate that the effects of the stimulation of nerves and muscle 
dependent, on the one hand, upon the physical method of appl 
the electricity, and, ou the other hand, upon the modifications 
dueed in the tissues by the passage of the current or by the 
tinuous state established in the interval between the passag 
mltiple charges. 
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D'Areonval lias denoted the physical method of apply! tip the 
current by the name of dimulation-ckaraeterixtic. By means of au 
ingenious apparatus he has succeeded in obtaining a graphic trace, 
in the form of a curve, of ihe excitatiou produced by any method 
wliatever, and of recording beneath it the physiological reaction. 
He has drawn from his researches various conclusions, the chief of 
which are as follows: 

When we stimulate nerves aud miiBcles we may induce the MUM 
physiological reactions, whatever be the source of electricity em- 
ployed, provided that the discharge has the game form in the yiven time. 

The excitability of a nerve is set in action mainly by the rapidity 
and amount of the variation in the potential, the quantity of elec- 
tricity in this case playing only a secondary part. A muscle, on the 
other hand, requires a less abrupt variation of potential in order for 
it t" begin acting. If it is necessary to use a more intense current 
for its stimulation than for that of the nerve, this depends, according 
to d'Arsouval, upon the fact that the muscle, being a better con- 
ductor than the nerve, requires the calling into aetiou of a greater 
quantity of electricity for the same difference of potential between 
the extremities of the tissue stimulated. 

It can be seen thai, from d'Arsonval's point of view, the stimula- 
tion takes place at the point of application of the positive or negative 
electrode. G. Weiss has combated this opinion. He thinks that he 
has demonstrated that the stimulation is produced it all point* through 
which the current passes, and that, consequently, it is necessary to know 
the intensity that the current possesses at each instant. From d'Arson- 
val's point of view, the important element to consider in the case of the 
electric stimulation of the nerves and muscles is the potential and its 
variations at the point of application of the electrodes ; from Weiss's 
point of view the important element is the intensity .it' the current 
and its variations. 

However it may l>e with this point of pure physics, which is still 
under discussion, with regard to the manner of calculating the value 
of the agent which is made to act upon the nerves or upon the mus- 
■ '!.'-, it i- admitted that all discharges obtained with the galvanic cur- 
rent or with induct ion -apparatus modify the properties of the nerves 
by producing polarisation. This important fact, already called in by 
various physiologists to account for the phenomena, has been demon- 
strated by the researches of Charbonnel-Salle. It is through this 
the tissues that it becomes possible to explain the 
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apparent eon trail ictions noticed in the laws previously formu 
and especially in those of Pflfiger. 



Tlie indiicetl < 



i of a polai 



' than is the > 



■ 



1 current i 

current; but it has the disadvantage of being more diffiet 
measure. Hence Marey, Chanveau, d'Areouval, and Boud< 
Paris have tried to replace it hy discharges from tin.- timiiil 
denser. The last-named electrician has used the condenser 
man, and has drawn up a table which enables one to disco vc 
energy of the discharge without its being necessary to roaki 
calculation. At present gauged condensers are made so as to i 
of their capacity being varied in a determinate manner. One U 
supplied with tools that enables him to work either for physiol< 
researches or for medical applications under conditions whic 
very precisely mapjied out. 

W lien we wish to make a unipolar stimulation in man wit 
condenser we place a large plate connected with the positive 
upon the dorsal region aud apply a small plate or a pad havii 
area of about twenty square centimetres, and connected wit 
negative pole, to the region occupied by the organ to be stimuli 
According to Boudet dc Paris, discharges from the condens 
not give rise to polarization. When he stimulated a frog's n 
with discharges repeated every ten seconds, the tracings showei 
the last twenty excitations gave the same result as the first twe 
Furthermore, to render any kind of chemical polarization ii 
sible, Boudet de Paris has devised with the aid of two condeosi 
arrangement which enables us to make the discharges alternati 
IVArsonval has denied the advantages possessed by the cond 
According to him, the value of a given stimulation would d 
sufficiently determined when simply the capacity of the condense 
the difference of potential between the armatures are known, 
do get, it is true, with these data the measure of the energy M 
by the apparatus at the instant when it is discharged. But th 
no relatiou between the energy (work) of an electrical exeitatio 
of the muscular contraction which results from it. It is possi 
demonstrate this interesting fact in various ways. 

D'Arsouval charges a condenser having a capacity of ^ w 
potential of 10, and discharges it into a frog's leg arranged 
galvanoscope. He gets a violent contraction. He repeats tr 
periment, using this time a condenser having a capacity of V 
charged with a potential of 1. The discharge in this ease g 
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to but a slight contraction, and may even remain without effect. Yet 
the energy of the excitation is the same in both cases. 

On the other hand, it results from the experiments of Charlvonnel- 
Salle that the discharging currents produced by condensers do not 
abrogate polarization. Every discharge taking place in a determin- 
ate direction has the property of acting upon the nerve in the same 
way as does the galvanic current. This would be the case for a 
single application of electric action, aud, & fortiori, would be true when 
successive applications in the same direction are brought into play. 

We must state, however, that these remarks apply to stimulation 
of a nerve, while the researches of Boudet de Paris bear upon the 
stimulation of muscle, which appears to be polarized less, or at least 
to be less modified under the influence of a weak polarizing action. 

However this may be, d'Arsonval has devised two arrangements 
which suppress all polarization effects, and to which he attaches 
great importance, even from a potential point of view. 

In 1881, when seeking to solve the problem of how to stimulate 
nerves, he conceived the idea of passing the discharge of the con- 
denser into the primary wire of an induction-coil deprived of its 
soft-iron core. The instantaneous current induced in the secondary 
wire serves for the stimulation of the nerve. 

It is easy to understand the physical change that takes place dur- 
ing the discharge of the condenser, the primary circuit (inductor) is 
traversed by a wave of electricity, which, starting from zero, rapidly 
increases, and at the expiration of a very short time falls t'> Mt 
again. There are, hence, produced in the secondary wire two induc- 
tions in an opposite direction, the first during the period of iucrease 
of the current, the second during the period of decline. The nerve 
thus in a very short time is traversed by two waves of electricity, a 
positive and a negative one. The excitation no longer takes place 
in the same direction ; polarization i9 suppressed, or, to speak more 
precisely, two polarizations are produced In neutralize each other. 

This procedure, which has been put into practice by Meudelsohii, 
has the advantage of suppressing any development of fatigue and of 
furnishing contractions that are regular and equal, whatever their 
number. 

The second arrangement devised by d'Arsonval would solve flie 
problem of how to produce stimulation of a muscle. The discharges 
of induced currents, being very brief and of high potential, are 
v adapted for stimulating the terminations of the sensory 
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and motor nerves. Their duration in the ordinary forms of : 
ratus does not exceed time-tenths of a second. If we proee 
prolong this discharge, we get to a point at which, in accor 
with the propositions previously enunciated, we can no longer 
duce excitation of nerve-tissue; while, on the other band, w 
conditions that are the most favorable for excitation of mus 
tissue. 

This being granted, suppose we take a coil with quite coarse 
so as to have quantity, and we retard its discharge. With thi 
iu view we intercalate, as a derived circuit in the noonduj I 
condenser having a capacity of a microfarad. We thus get 
traction of a muscle without its causing pain, an effect which v 
accustomed to require of the galvanic enroot. 

D'Arsonval attaches great importance to this procedure, < 
when it is our intention to produce stimulation of the muscles 
out causing pain, or when our object is to study the modifieatk 
muscular excitability for diagnostic purposes. 

The only thing left in order to complete the study of this si 
is for me to point out to you the principal effects produced by 
nating sinusoidal currents. 

D'Arsonval's apparatus, which we have previously describe! 
been made use of by Tripier. When rotated gently by hai 
does not excite any sensation at all during the passage of the i-ui 
When the rapidity of rotation of the wheel is accelerated the si 
feels prieldings of the skin. When the rotation becomes still gi 
vague muscular sensations are superadded, which may become 
pronounced. 

The sensations and the contractions produced are a function < 
rapidity of rotation. 

When working upon animals we may get a contraction o 
smooth muscular fibres, even when we cannot produce any app 
reaction iu the striated fibres. We may also remark that this 
of electrization, according to experiments which have been mad 
d'Arsonval upou man and animals, is followed by a markei 
crease (one of more than one-fourth) in the amount of respir; 
combustion, and that even when the passage of the current give 
neither to any apparent muscular contraction nor to symptim 
pain. 

The question of the employment of sinusoidal currents is 
under study. Gautier and Larat, hi order to obtaiu currents of 
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sort in their office, have conceived the idea of utilising Ihe currents 
furnished by the dynamo-electric machines designed to supply ihe 
electric lights of the city. 

Electrotherapeutics. Being now acquainted with the principles 
of electro physics and electro physiology, we may now start upon the 
study of how to apply the different procedures for producing electri- 
zation. 

The 6rat attempts were made, as you know, with frictional elec- 
tricity, which enabled those who used it to get very diverse results, 
and even general modifications of nutrition. 

Later, tbia variety of electrization was given up, and was re- 
placed in Germany by discontinuous galvanization, championed by 
Remak, and in France by faradization, which was carried to a high 
degree of perfection by Duchenue. In recent years franklinization 
has been restored to honor, and at present it occupies an important 
place among therapeutic procedures. 

Franklinization. The instruments necessary for applying static 
electricity consist of a good inn uence- machine, an insulating-stool, 
and one or more conductors and dischargers of various shapes. 

We have already recommended for medical uses the Carre machine 
or that of the Wiiushurst type, modified by Gaiffe. These machines 
may be run by hand. But the physician should avoid having re- 
course to an assistant, whose presence is often inconvenient. It is 
necessary, therefore, to obtain the mechanical energy that we need 
as far as possible from a motor. 

At La Salpetricre a steam motor, placed in the cellar, runs a 
dynamo-electric machine, which works an electric motor set within 
the glass case that protects the machine. Such an appliance is too 
expensive for the practitioner who treats only a limited number of 
patients with electricity. It is much simpler to have a battery of 
bichromate cells, or of accumulators, to work a small electric motor, 
which is connected with the pulley* that turu the plates. Wt may 
also employ a water or air motor. 

The work that we wish to produce being only 5 or 6 kilogram- 
metres, there is no use in employing a gas motor giving half a horse- 
power. 

In localities where the physician can make connections with a 
ventral electric plant, an electric motor connected with the system 
<>f wires attending From the works will supply him in a very simple 
rith the power that he needs. 
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The insulating-stool is formed of a single baud, with f< 
edges, mounted on legs made .if gla-s anil covered with sli 
These legs, particularly in damp wealher, ought to be wipitl ofl 
warmed cloths. We may also follow Danion's advice and in: 
the patient by means of a thick plate of caoutchouc. 

The stool upon which the patient is placed is connected wit 
machine by means of conductor!. The form and dimensions ( 
conductors vary with the needs of practice. Most often we 
use of brass rods ending in hooks, which enable ns to attac 
rods to a ring mounted on the collector of the machine. 

The dischargers are the accessory instruments which enable 
draw sparks from the patient's body, or to prodiu 
breeze, and the aura. 

The ordinary discharger may subserve various ends. WW 
object, it is composed of a shaft of insulating substance (glass, 
rubber), ending in a metal cap which carries a hook and a ( 




thread. (Fig. 83.) We may attach to the hook a trailing 
which passes through a metal ring mounted on an insulating e 
Upon the end of the discharger may be screwed spheres or 
of metal or wood, according to the requirements of the owe. 

The electrician holds the discharger in his right hand, ai 
means of the shall bearing the ring, which is held in hi* hit 
directs the ground-chain of the machine so as to [ 
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tdy or the patient's. Dischargers of wood are preferred wheu 
it is wished to moderate the intensity of the ellivt. 

In order to get sparks having always the same length, Boudet de 
Paris has bad a discharger constructed (Fig. 84) formed of a char- 
coal knob, covered with moist chamois-skin, and connected with a 
metal ball which is lodged in a glass tube. A second ball, mounted 
ou a shank, can be plunged more or less deeply into the interior nf 
the same tube, so that the distance between the two balls can be 
modified at will. The shank which carries this second ball is con- 
nected with the ground. In ease it is desired to produce the aura, 
the ball is replaced by a blunt poiut. 



Benedikt uses ;i special discharger, known under the name of the 
electric bell. It is composed of a hollow hemisphere with sharp 
edges, connected with the ground, and placed over the head of the 
patient, who is insulated by being placed upon the stool. The 
borders of the bell act like points. Hence, Chardin has replaced 
the bell by a metal disk provided with many points. 

Under some circumstances it is necessary to subject a certain region 
of the body to the prolonged action of electricity. The dischargers 
are then kept, by means of insulating supports, in the vicinity of 
the points to be electrified. 

The different kinds of electrization that we can get by means nf 
these instruments were dcseriljed by Mauduyt in his treatise, which 
is dated 1784. All that has been added is the electric douche. 

The procedures employed are the electric Iwith, the static brats of 
the souffle, 1 sparks, electric douche, eleetrie friction, and coiieu— fan. 

For the electric (or electrostatic) hath the patient is placed upon 
the stool, which is connected with one of the poles of the DMGatlM 
by means of a conductor, the other pole l>eing ooaneoted with tbfl 
ground. We must recollect that the electricity tliu- produced is not 
in equilibrium, hut in motion. When the connection is made with 
the collector of [tositive electricity a continuous current is established 
from the machine to the Stool, from the stool to the patient, and from 
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the patient to the air about him ami to the ground. The d 
of the current is opposite when the bath is electron 
escape of electricity is facilitated by the numerous points pre* 
by the surface of the patient's body. 

According to R. Vigoroux, the resistance of the patient will 
factor here as in galvanic electrization — i.e., the less the resis 
the greater is the intensity of the current, other things being * 
In Basedow's disease this resistance is greatly diminished ; pai 
with this afieottOD cannot stand the electrostatic bath, while by 
eal subjects, whose resistance is great, win remain in connection 
the machine for hours. Hence, R. Vigoroux advise* thai the 
trical resistance of the patient should be determined before 
treatment is employed. These remarks are of practical interest 
they presuppose that static electricity passes through ih<- body i: 
same way as does the galvanic current, and this does not seem 
to have been proved. 

The positive bath is the one most generally employed. The t 
tion of the sitting varies from a few minutes to an hour, depen 
upon the nature of the disease that we wish to combat and i 
the impressionability of the subject. 

When the sitting is finished we atop the machine, or, better 
our foot upon the stool so as to bring its potential back to zero, 
avoiding the discharges or sparks that might be produced ai 
instant when the patient gets down from the stool. 

The electric wind or breeze is obtained in the following way : v 
the patient is on the stool, which is connected with the machine 
bring toward him, on a level with the part ujwn which m wk 
act, the discharger, which is furnished with one or more points, 
is kept at a distance of 3 to 5 centimetres. The electrified air i 
nelled by the point and attracted by the patient, who is charged 
electricity of an opposite sign. There is thus produced a mover 
of air or a breeze, giving a sensation of a draught of air. Accon 
to R. Vigoroux, the positive pule produces this sensation more res 
than does the negative pole. It would be better, then, in caa 
which one makes use of this method to give the patient an elei 
negative bath. When the application of the breeze is going to ■ 
prolonged one, the discharger is put in position aud attached to 
support previously described. 

The electric breeze po.ssesses incontestable sedative properties. 
is employed principally in painful diseases. 
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When, with the patient arranged as in the preceding ease, we carry 
toward his body a wooden or metallic poiut that is blunt instead of 
sharp, we get what is called the aura. The point is kept at a dis- 
tance of 2 to 3 centimetres, and the aura, which is visible particu- 
larly in the dark, varies according as it is positive (when it has a 
violaceous gleam) or negative. The violaceous gleam is accouipauied 
by a peculiar crackling ; it has a rubefacient action, adapted for pro- 
ducing revulsion. 

When the discharger ends iu a ball and is close enough to the 
body, we set? a spark leap across between the ball and the patient. 
The quantity of electricity which is present in the discharge is in 
proportion to the size of the ball. We can vary the amount of energy 
employed, and, consequently, the effects produced, by varying either 
the distance of the discharger or the size of the ball. If we desire to 
weaken the effect produced, we can withdraw a part of the charge 
from the patient by carrying the poiut or the chain of the discharger 
nearer the stool. 

The spark discharge is principally used to produce excitation of 
the nerves and muscles. The knob-discharger of Boiidet de Paris is 
to be recommended when we wish to get a well-localized action. 

If we proceed to pass the ball of the discharger over the surface of 
body (resting it upon the clothes), we get electric friction. Sparks 
which are very short, but are quite often very painful, leap between 
the discharger and the skin. A. burning sensation results, which is 
the more acute the slower the friction is performed. 

The form of application known as concussion, which was used by 
the first promoters of static electrization, is now abandoned. 

The electric douche, which has been made use of mainly by Bene- 
dikt and Stein, is in reality only a variety of the electric breeze. The 
bell should be placed above the head and high enough so that no s[»rks 
shall Ix- thrown out. German physicians attribute to this procedure 
sedative effects particularly adapted for combating persistent insomnia. 

The physician possesses in the various methods a sort of sliding 
scale of measures, enabling him to get effects that are more or less 
intense. He should make all of them cautiously and in a gradually 
progressive manner. At the outset the sittings should be short, last- 
ing not more than from three to live minutes. Some practitioners 
go on, and dually bring their patients up to the point uln-n .'' 
stand the electrostatic liatli for hours. It u rarely proper to pro- 
long the duration of the sitting bej ond hall an It '■ 
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At the outset of the treatment tbe nttinga should be had 
Later, when the effect produced is lessened, or when th- 
becomes marked, the sittings are placed further and further •■ 
only one or two being had a week. It is usually advised to mi 
the treatment during the menstrual period, except when bbe 
im lit isists simply in the administration of the electmstaiic 

GALVANIZATION forms at present the mean* of applying elect 
that is mist often made use of in medicine. 

We have already studied the subject sufficiently to be al 
describe in a few words the different procedures which it 
prises. These methods are: continuous galvanization and 
rupted galvanization, the latter including the labile method i 
Germans, and interruptions, properly so-called] produced by m 
and breaking the current. With these various procedures BU 
be grouped the employment of abrupt reversals of the rurrent- 
what are called Volta's alternating ciirrentB. 

The reader is acquainted with the instruments required for a 
ing galvanization under good physical conditions. The only 
left tu Bpeak of particularly is the electrodes, which we have h 
occasion as yet to describe in detail. 

The electrodes which are most extensively in use arc (he cm 
and the plale electrodes. 

The cushion electrodes are screwed on an insulating-handle of 
hard rubl>er, or celluloid, which is held iu the hand (Fig. 8.5 




which is furnished with a metal cap in which is hollowed the c 
for the reception of the end of the rheophore. This cap endi 
screw whose nut forms a part of the electrode proper; there IB 
times added to it an internipting-button, which when pressed 
breaks the current. The ordinary cushion has a knob made ol 
bon, which is a good conductor, attached to the nut that is scr 
into the electrode-handle. This carbon is covered with very s 



ELECTItlflTY. 



361 



chamois-akin. Its dimensions vary greatly. We may give it a 
mush room -shape and eovor it with sponge, which is preferable to 
using a sponge inserted in a metal tube. 

To get electrodes of very small surface we screw into the handle a 
metal shank curved upon itself, covered or not with some insulating 
materia), and ending in an olive-shaped knob of carbon covered by 
chamois-skin. Bare metal electrodes are rarely used. 




The pJate-fthiped electrodes an- almost ilmja pliced upon n fixed 
handle (Fig. 86). They are formed of a sheet of tin, usually pierced 
witJi boles, which render it easier to moisten the electrodes, Bod llicy 
are covered with chamoi-s-skin or sponge. The tin pitta beta a -mail 
■ li is perforated ind famished witfa t acrcw to whie& 
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is fitted the end of the rheophore wire (Fig. 87), or, better still 
attached to a bifurcated end. 

The forms and dimensions of these plates vary greatly aecor 
to circumstances ; but it is indispensable that we should know i 
surface in square centimetres, so as to be able to estimate the del 
of the current at the point where they are applied. 

The electrodes should always be well moistened before beinji 
plied to the akin. With this end in view, they should be di; 
some minutes before they are used in warm water. 

In cases in which we wish t<i perform labile galvanization 
make use of a roller shaped electrode (Fig. 88), so mounted di 
can be moved about over the surface of the body. 







The indifferent electrode may be replaced by a basin or tub of w 
in which the patient plunges his hand or foot, the water being 
nectcd with one of the poles of the battery by means of the rheop 
wire. 

A great number of other electrodes have been devised ha 
special uses, which we shall presently describe. 

Continuous galvanization comprises the bipolar and the j 
methods. 

In the bipolar method the electrodes have the same area, ant 
so placed as to make the current pass through a segment of the I 
or of one of its members. We have already pointed out the pr 
pies which should serve as our guide in this kind of electrical 
Sometimes we make the current take the same direction during 
entire period of the silting; sometimes we reverse the current 
certain moment and thus make an alternating electrization. 

When it is impossible, even with large electrodes to make the 
rent reach the entire extent of the organ that we wish to modify 
advance by sections, changing the place of our electrodes at the 
of some minutes. 

To employ the polar method we place a large plate, called 
indifferent electrode, upon a point, such as the sternum, tibia, o 
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gastrium, that is not very sensitive, or, better still, we immerse one 
of the limbs iu a basin, while the active electrode, which is small, is 
applied in the vicinity of the point where we wish to localize the 
action. 

In all cases we should take care to begin by applying well-moist- 
ened electrodes and to satisfy ourselves that the contact is uniform in 
all parts before we send the current through the circuit. To hold 
the electrodes in place we use bands or straps. Sometimes we may 
cover them with a napkin, upon which the patient presses strongly 
with his hand. We start the current, when at the expiration of some 
minutes the skin at the site of the electrodes is well moistened, and 
we advance by degrees and without causing shocks until we have 
reached the current-intensity that we wish to use. 

To change the direction of the current we first bring the latter 
down to zero and then slowly increase its intensity, but, for reasons 
that have already been stated, do not pass all at once to our 
former pitch of intensity. Similarly, when there is an occasion for 
performing electrization of successive parts of the body we should 
reduce the current to zero before changing the place of the elec- 
trodes. 

The name of labile galvanization is given in Germany to a method 
which consists in passing one of the electrodes over the surface of the 
part to which we are making an application, the other electrode being 
kept fixed upon a point of election. The rolling electrode, which is 
more or less large and varies in shape, ought not to leave the skin* 
Hence, no effects due to breaking and closing the circuit are pro- 
duced, but the displacement of the electrode causes a constant varia- 
tion in the intensity of the current and gives rise to a variable state, 
which, to be sure, is ill-defined and whose effects are intermediate 
between those of continuous and of interrupted electrization. In fact, 
this kind of electrization produces at the same time a stimulant action 
upon the muscles and nerves, and a more or less intense trophic 
action (catalytic action of R. Remak). 

If we have to perform labile galvanization of a part (on the ex- 
tremities, for example), we apply a large fixed electrode either upon 
the corresponding segment of the spinal cord or at the site of the 
nerve-plexus supplying the affected limb. This electrode is connected 
with the positive pole. The negative pole under the form of a rolling 
electrode is passed along the nerves or over the muscles and the 
motor points. We thus carry the electrode upon the region to which 
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we have to apply the electrization in thirty or forty diffenot i 
ing direction without ever breaking contact with the skin. 

Interrupted galvanization consists essentially in the products. 
openings and closures of the circuit made during the course of a 
tinuoiis electrization. This method is njosl. often employed U 
polar application, since it is of especial service in stimulating n 
and muscles. 

The interruptions may be produced in various ways, eith< 
raising the electrode from the skin and then replacing it, or by h 
iug the circuit with an interrupting-button, the breaking twin; 
lowed by a renewed closure when we atop pressing upon the bi 

When working with fixed electrodes we can have ih 
and broken at regular intervals by means of the mcf i 

Interrupted galvanization represents the method of election 
it is desired to combine the chemical effects produced by the cor 
ous state with the stimulant action due to the variable state. I ( 
be applied in quite different ways, according to the nature of lh< 
in hand. 

We have seen that in using the galvanic current we must i 
sarily concern ourselves quite as much with the density as wit 
intensity of the current ; i. e., with the conditions expressed I 
formula 

■>-*• 

(D, the density of the current; I, the intensity in milliam) 
and S, the surface of the electrode in square centimetres). 

The author has already pointed out what, according to Bout 
Paris, should he the minimum area of the active electrode Ic 
given current-density, and the data empirically determined h 
skilful electrician may serve as our guide in practice. But we 
still to regard this question from quite another point of view, 
gard to which we must now speak a few words. 

It has been asked what would be the most suitable density ' 
in various cases. This question has been discussed mainly by ■ 
Miiller. According to this author, the mean current-density | 
under ordinary conditions, to lie fa, or 1 milliaropere for an i 
electrode of 18 square centimetres. The densities fa, g^, s *j, -A 
yfj, etc, being equivalent, it is easy to establish a relations!) 
tween the area of the active electrode and the ciirrent-iiiteiisilv \\ 
case in which we wish to apply electrization with a mean d 
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C. W. Miiller advises En to work with a greater density, such as 
i 1 *' A' or evou i> ' n t° r P'^ ra^ ; e - 9-i when we wish to modify the 
character of a chronic arthritis. 

If it is a question of stimulating the peripheral nerves with the 
positive electrode, we shall make use of a density of £, and we may 
employ a higher density still in cases of lumbago. 

For labile or interrupted galvanization of the iipjwr extremities, 
the suitable density is ^ ; it may be carried as high as i for the same 
manipulations when performed upon the lower limits, particularly 
when there is quite a large resistance to overcome. Stimulation of 
the genital nerves requires a density of ^fa. 

In cases of nervous erethism (hysteria, neurasthenia) or in inflam- 
matory lesions, and certainly when the subjects are very sensitive to 
the action of electricity, we should use only weak densities (of ^g to 

A)- 

Lastly, we may add from the same author the following values for 
the densities which are to be used in certain regions ; For electriza- 
tion of the brain the density ought to be from 3V to 5^; for elec- 
trization of the medulla oblongata from ^ to ^ ; and tor aketriaaV 
tiou of the neck the density should be from ^ to ^ ; and the dura- 
tion of the sitting from 30 to 40 seconds. When we wish to gel 
cerebral anaemia and sleep, on the other hand, the density ihoold bi 
increased to i and kept up from 2 or 3 minutes in cases when we 
wish to secure vascular dilatation. 

For electrization of the head, Lewandowski recommends still 
lower densities. 

When we perform electrization with electrodes of the same or 
almost the same area, the current-density is determined by the area 
of one of the electrodes, if this is applied near a diseased point that is 
situated superficially. In the opposite ease, when the disessed point 
is deeply seated, and also when both electrodes are applied to point.-. 
at which the morbid conditions are appreciably the same, we take, in 
order to determine the density, the arithmetical mean of the areas of 
the two .hvtrodes. 

While those data are empirical, it is important to keep them in 
mind, for the general tendency is to use currents that are too 
intense. 

The duration of the electrization is subordinated strict!) to the 
density of the current employed; it should l« : the shorter il"' greati r 
th.< latter 1.-. 
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For electrization of the bruin and of (he sympatln 
dowski thinks that the duration of the sittings should be one ruimi 
for electrization of the cord, three minutes. Labile galvnuizut 
sliould last the length of time that it takes to pass fatty time- 
tlic :illi'i'ti.''l region. 

In the other methods of electrizatiou the duration of the sittii 
varies according to different circumstances; it is most frequen 
from five to ten minutes. We shall have occasion to return io t 
point when considering the procedures which are left for us to 
scribe. For the present we will simply say that currents of ah 
duration act as stimulants and restoratives; and that, on the ot 
hand, currents of long duration are paralyzers or anti -spasmodic?' 

The frequency of the applications should in general bear a n. 
tion to the mode of development of the disease. In the case 
neuralgias or rheumatic manifestations, one or two sittings a ( 
are indicated. When the cases are acute and of rapid developing 
five or six sittings a week may be had ; while in chronic cases, fr 
two to four sittings are sufficient. 

Faradization. We do not need to dwell upon the way in wh 
faradization is applied. 

Among the varieties of medical apparatus which have beeu 
scribed, one must select, as far as possible, one with a sliding-stai 
which will enable him to graduate the intensity of the currents bet 
than other kinds will, and to make use of currents furnished 
wires of different sizes and lengths. In default of an apparatus 
this sort, we must at least be able to avail ourselves of the est 
current aud the current of a coil with a fine long wire. We m 
likewise be able to vary the number of interruptions at will. 1 
infrequent interruptions a metronome is the most precise instrumi 
and the one least subject to derangements. 




Bi])olar faradization is performed with two knob- 
medium width, which are applied at but a short distance a 
may often be held in one hand. In place of these electrodes holli 
metal cylinders, called hand sponge-holders (Fig. 89), may be t 
ployed. 
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Polar (or unipolar) stimulation is performed in an analogous way 
to that which we have described for galvanization. The indifferent 
pole is in general connected with a plate that is not so large as that 
used in galvanization. The active pole may be connected with a 
small plate or a knob-electrode. 

When used for stimulating the motor nerves and the muscles the 
plates are moistened. They should be left dry when the attempt is 
made to stimulate the sensory nerves of the skin and to get an effect 
by reflex action. We obtain more powerful effects still by means of 
the electric brush. In this kind of stimulation we place a damp 
plate-electrode upon an indifferent spot and keep it fixed there, and 
pass a dry knob-electrode or the brush over the region whose nerves 
we wish to stimulate. It is well to dry the skin, and, with this end 
in view, to sprinkle it with a little starch powder. 

We should have at our command electrodes of different shapes in 
order to be able to work upon different parts, such as the stomach, 
intestine, bladder, uterus, etc. In certain cases, for acting upon the 
face, the hand is used as an electrode. The patient holds one band- 
electrode in his haud, while the physician holds the other electrode 
in his left hand and with his right applies electricity to the face. 
To spare the physician the inconvenience of having the current pass 
completely through him, C. W. M tiller advises that a rather large 
plate should be attached to the wrist of the hand which is to serve 
as the electrode. 

Enough has now been said with regard to the various methods of 
electrization. In addition to these latter, the subject of general 
electro-therapeutics comprises the determination of the therapeutic 
effects produced by electricity and of the most suitable means for 
utilizing each of these effects. 

The number of diseases in which the assistance of this powerful 
physical remedy has been invoked is considerable, and at present no 
one can entertain the idea of throwiug doubt upon the great value of 
electro-therapeutic methods. It would also be idle to try to make a 
distinction among the methods of electrization from the point of view 
of their general efficacy and of their relative practical importance. 
All the methods are useful and find indications for their employment. 
But the reader has been able to see that our knowledge is still not 
far enough advanced for us to think of formulating in a precise way 
the mode of action of electricity upon the organism. The only cer- 
tain thing seems to be that this action is very complex, even where 
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it is exerted upou a healthy organism. A fortiori, it is still i 
obscure and more cliftieult to define when we are working in a 1 
peutic way — i. e., by applications upon parts modified bj -li- 
upon parts wbose manner of reacting deviate? more or less v 
from the normal. 

Moreover, under a great many ei re u instances, we are iguora 
the real conditions under which we are introducing the dactnG 
We are almost absolutely ignorant of the pathological physiolo* 
the neuroses and of most of the diseases of the nervous or i 
motor system, diseases which are precisely the ones in which eki 
zation scores its most incontestable successes. 

It would be useless, therefore, for lis to lay any stress upon 
various theories upon which observers have thought to base 
rational employment of electricity. Empirical results are so far 
only ones that tan serve us as a guide. 

When we place ourselves upon the groundwork of clinical e: 
rience we are led to observe that electrization is apparently abl 
produce three main kinds of therapeutic effects, referable respecti 
to a stimulaut action, a sedative action, and a trophic action. 

To tell the truth, when we affirm the existence of these diffe 
modes of action we split up in a somewhat arbitrary fa-hion 
effect of our therapeutic procedures, which is always really a c 
plex one. Nevertheless, this classification is applicable with s 
cient strictures to the results of local applications; and it has 
advantage of serving to fix attention upon the principal object 
is sought after by some of these applications. 

The stimulant or stimulating action of the application is in 
fested by a return of physiological properties that have been a 
hilated by the disease or simply by an exaltation of these t 
properties when they have been lessened. It may be obtained 
by local and by general applications. The local applications art 
most numerous and are used particularly for stimulating tin- diffi 
kinds of nerves and striated and smooth muscles. 

Stimulation of the sensory nerves of the skin comprises se\ 
methods. As there is no use in having a penetrating action in o 
to secure this stimulation, we have recourse principally to met' 
in which electricity acts by its high potential — i. e., cither to 
faradic or the static method. 

• already know that, in order to stimulate the sensory nt 
by means of the induced current, we have to make use of a coil 
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a fine and long wive, anil the intermissions must be frequent. The 
maximum effect is obtained with tlie dry knob-electrode, or, better 
still, with the brush. 

Tlir magneto-electric apparatus may also tie utilized. In this case 
alternating currents opposite in direction are employed. 

These methods produce marked excitation of the sensory nerves, 
and, consequently, a return of sensibility in cases of aniesthesia. This 
action is not confined simply to the nerve* directly affi lersd, for it is 
often sufficient to apply electricity to a part only of the cutaneous 
surface to get, as Vulpian has shown, a return of sensibility over an 
extended area. A modification of the whole nervous system, there- 
fore, seems to be produced by the reaction of this kind of electrization 
upon the nerve-centres. 

The static method may likewise serve to stimulate the peripheral 
sensory nerves. The measures that are the most active in this regard 
are sparks and friction. 

The effects obtaiued by these different means arc complicated by 
reflex actions, to the consideration of which we shall have to return. 

The stimulant method acquires a great importance mainly when 
applied to the motor nerves and the voluntary muscles. At a cer- 
tain period in France, owing to the influence of the works of Do- 
chenue, recourse was had to faradization in order to stimulate nerves 
and fi'i- therapeutic purposes. At present all practitioners are agreed 
in pre/wring to employ discontinuous galvanization. In order to 
understand better this modification that has taken place in practice, 
it is necessary to consider the principal conditions trader which we 
are made to do our work. We may, therefore, discuss briefly the 
mmlilieatiiiiis induced in the excitability of the motor nerves and the 
muscles in certain pathological cases. 

The questions of scmeiology and diagnosis whi.-li \v ,u-' ljt ■ ■ i 1 1 •_- In 
touch upon present great importance for the therajieutist. It par- 
ticularly concerns an assemblage of tacts known under the name of 
miction of degeneration. 

In 18511 Baieiiacher noticed that in peripheral facial paralv-is the 
muscles lose their fit radio oontrmotilitj , while pr eat r v i ag their galvanic 
ii.ntraetility. This interesting fact had already been observed by 
Halle. More recently Krb, !>cegaard, and many others have maoY 
u thorough study of it 

The reaction of degeneration, commonly represented by DR, is 
■add to he complete when all the eharacters that distinguish it can lw 
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made out ; it may also be incomplete or partial. When it is c 
plete, we fire usually dealiug with a motor paralysis due to altera 
of the corresponding nerve. In onler to get an accurate know! 
of it, we must take into conaidentiorj the facts revealed by to 
the nerve, on the one hand, and the muscle, on the otln-r. 

As regards the nerve, we observe the following main facts: 

For a period ranging from about twenty-four to fortv-W^lit b 
after the onset of the nervous lesiou the electric ex 
nerve is increased. Toward the third or fourth day a diiuinn 
of the faradic and galvanic excitability is observed, a dlmim 
which is progressive. At the end of one or two weeks the ele 
excitability is completely lost. The duration of this Hate v.i 
being short in cases in which the affection of the nerve is a si 
one, prolonged when the latter is serious, and indefinite in th( 
curable cases. 

When the excitability reappears it shows itself first in the vici 
of the lesion, and afterward extends peripherally. The retur 
the electric excitability of the nerve becomes gradually more roai 
and pursues a more or less rapid course of development. Q 
orlen voluntary excitability is re-established in the musd: I" for 
nerve is capable of reacting under the influence of elec t ricity, ;i 
certainly interesting from a physiological point of view. 

As regards the muscles, the evolution of the phenomena i 
follows : 

The faradic excitability behaves in the same way as in the at 
It hence diminishes progressively and then disappears. I^aier (N 
return of this property takes place, but more slowly than in the 
of the nerve, and it remains a long time impaired. 

The galvanic excitability is at first diminished ; it then under 
various qualitative modifications affecting the form and fasbioi 
the contractions. At the time when the faradic contractility di 
pears, the galvanic contractility rapidly increases. It km 
comes extreme and then is appreciable with currents which scar 
impart any deflection to the galvanometer-needle. At I 
the muscular contraction takes place in a sluggish maun 
being abrupt ; it becomes analogous to that of smoolb maa 
fibres. This modifuiition constitutes the most important phen.i 
non ; it is made very apparent when a comparative test <>t' r I »* - m 
and the diseased side is made. 

To these modifications must le added tboae i 
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tionsof the law of contractions. We have AnCCl=CaCC], or even 
AnCCI > CaCCl. 1 Furthermore, the opening con tractions are more 
readily obtained than in the normal state, and tlicy become equal or 
in excess for the negative pole, which is the opposite of what is ob- 
served under physiological conditions. 

Later, at the end of from three to eight wx-ks, according to the 
case, the galvanic excitability diminishes. We are then obliged to 
have recourse to stronger and stronger currents in order to generate 
a reaction. 

When the cases are incurable, we continue, in spite of the pro- 
gressive diminution of the galvanic contractility, to get tor a long 
time, and sometimes for years,a reaction with the AnCCI excitation. 
The case is less serious when it is the CaCCl that persists. 

In the cases of cure the return to normal always begins with the 
nerve. 

The reaction of degeneration necessarily presents numerous de- 
grees and varieties. When it is diminished it is mainly characterized 
by the slowness of the contraction upon galvauic stimulation, and by 
the predominance of the effect produced at the positive pole by closure 
of the circuit (AnCCI) over that produced at the negative pole 
(CaCCl). 

The cases in which the reaction of degeneration is met with in 
some degree at least are numerous. We may mention traumatic 
paralyses or those produced by impression of the nerves, paralyses 
due to neuritis, the paralyses called rheumatic (particularly facial 
paralysis), paralyses of spinal origin (aenta or chronic inflammations 
of the gray matter, tumors of the cord), saturnine paralysis, the 
paralyses due to diphtheria and to acute diseases, and syphilitic 
paralyses. 

To sum up, we may say that the reaction of degeneration is the 
consequence of a secondary alteration of the muscles of central or 
peripheral trophic origin. It is, so to speak, the proof of the trophic 
degeneration of the muscles, and it is probable that all the peculiar- 
ities that it presents are the consequence of the anatomical condition 
of the nerves and muscles whose physiological properties have been 
modified. 

The complete reaction indicates in general an alteration of the 
peripheral nerves. When the alteration producing the reaction ii 
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central (spiual) this reaction is commonly incomplete or partial ; ' 
there may be other causes still for the reaction being [Kirtial. 

The reaction of defeneration is, then, of capital importuiee « 
respect to tlie anatomiciil diagnosis of tlio lesious of the nerves J 
muscles ; bat it does not by itself enable us to discover whether 
origin of these lesions is central or peripheral. 

The facts revealed by the study of the reaction of degenerat 
explain why it is preferable in a great number of |>atholiigical « 
to have recourse to galvanization. As a matter u? fact, glln 
currents are the only ones which, under these otroa instances, can 
into action the neuro-museular excitability, or the excitability of 
muscles alone. We may add that the trophic effects of galvanizal 
are, as we shall presently see, much superior to thoM which the 01 
modes of electrization arc able to exert, and that hence the use of 
galvanic current very probably facilitates the process of repair in 
degenerated organs. 

For all these reasons we should place galvanization at the heat 
the means used for stimulating the nerves and muscles. 

The oldest of the measures used consists in the employmen 
Iiemak's labile currents. For producing these, a fairly large e 
trode is attached to an indifferent point and is connected with 
positive pole. The negative pole is connected with a larire pad e 
trode, or, better, with an Amussat roller, which is carried slowly b 
and forth over the nerves and muscles. The current should h 
an intensity just sufficient to excite distinct cm tract ions. Rer 
also connected the movable electrode with the positive pole. 

The effect produced is moderately intense in ordinary cases, 
very active when the muscles are in a state of advanced degem 
Hon. 

According to Erb, the markedly stimulant action of this noani 
lation does not arise from the fluctuations which show themselves 
the force of the current, for almost no fluctuatiou is seeu in the it 
cations of the galvanometer. During the movement of the electr 
from place to place successively new portions of the nerves and 
muscles would come under the influence of the current and wo 
thus be stimulated. 

Since the works of Chauveau and Brenner appeared p refers nc 
often given to polar stimulation. It should be employed over 
muscle during the period when the excitability of the nerve is I 
The active electrode is most often conncedd with the 
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in grave cases, however, when AnCCl becomes predominant, the 
positive pole is utilized. 

The interruptions of the current, which are regulated by a inetro- 
uc.iiic, -I. ..iiU be carried up lo k number that varies with the way in 
which the muscles contract ; they should l>e less frequent the slower 
the contractions. 

In the case of a central lesion with preservation of the excitability 
of the nerve we may have recourse to unipolar stimulation of the 
motor nerve; but it roust be understood that this procedure can be 
applied only when the lesion is limited to a particular nervous de- 
partment. 

In these various cases the number of interruptions will be 60 or 
more a minute for sittings of from five to six minutes. 

When the muscular atrophy resulting from the nervous lesion is 
old, the amount of stimulation produced by these various procedures 
is sometimes unable to give rise to a reaction. It is then ]»ossible in 
some eases to get muscular contractions by modifying the excita- 
bility of the muscles through the preliminary use of a continuous 
current. In general we use the positive pole for tins purpose. A lb r 
having passed a current through the parts for some minutes, a cur- 
rent whose intensity is very gradually increased, we make interrup- 
tions, or, still better, we slowly reverse the current, and, the negative 
having now become the active pole, we make our interruptions. 
Sometimes we use the voltaic alternating current — 1\ r., abrupt re- 
versals of the current — after polarization for some minutes with the 
positive pole. This painful method is now almost abandoned 

In diseases in which the muscles retain their farad ic excitability 
we may make use of induced currents. We will then be inivful to 
i boOM 'or the muscles currents of weak intensity, namely, the extra- 
currents or the euni-uts provided by eoUl with short, coarse wire, so 
as tn avoid too strong a stimulation, which might !■■■ followed by 
■ ture. 

For stimulating organs containing smooth muscular fibres we 
make use either of interrupted galvanization with iufrcqiienl int.r- 
lOS, or again of extra -currents produced bv roarse-wire mils 
and having infrequent intermissions (three to four a minute). 

In recent years discharges from the tinfoil oondfiDMC have bWM 
osed to produce stimulation of the muscles. Preference should be 
given to this procedure iu all cases in which a muscular reaction can 
be obtained. 
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recall to the reader's mind the use of 
continuous and faradic currents. The indicationi fbr them have 
yi't l«'- n perfectly defined. 

Lastly, we may uote that stimulation of tlie muscles may abo 

produced by mean* of atalie discharges. The Utter -nmetiinc- e 
stitute the only means that is active. In some very serious ra 
static discharges give a reaction only after a preliminary polarizat 
of the region by means of the galvanic current. 

We have already pointed out that local stimulation of the sen» 
nervous system by the electric agent farms one of the group of 
vulsive agents. It is possible, therefore, to ohiain sedat! 
an indirect or reflex way by acting upon the sensory nerves of 
skin with the stimulant methods that we are already MCJttin 
with, and particularly with faradization by the electric brush. 
therapeutic results of this kind of revulsion are mainly apprr-cn 
in the case of pain. In this connection it seems proper to call 
tention to Boadet de Puris's revulsive disk, which ewblM ns to i 
duce an instantaneous blister by means of the galvanic current. 

Revulsive faradisation lias lieen very frequently employed Iglti 
neuralgias, lead colic (Briquet), and hepatic colic. The node 
action of the faradic current in this last-named condition is qi 
difficult to explain, but nevertheless the author bus several time* I 
occasion to soothe the violent crises of hepatic colic by faradtzat 
of the epigastric region with moist electrodes or by antcro-postei 
faradization, a knob-electrode being planed in the hollow of theopij 
trium and a plate-electrode being attached to the back. 

The sedative method, recommended by Frommhold, consists in 
use of weak faradic currents, whose intensity is steadily inarm 
then steadily diminished. In a great numlicr of cases the galva 
current is used to produce a sedative effect, and is even preferred 
the faradic current. 

The procedures which are capable of reducing the excitabilit) 
the sensory nervous system have not yet been clearly defined. (' 
sequently we are sometimes forced in practice to feel our way 
working. Tn this connection we have lo consider the effects at 
butable to the intensity of the current, to its direction, and to pc 
action. 

It has often been said that weak currents heighten excitahili 
while intense currents are sedative. In reality there is no ■ 
rule about this. The intensity of the current ought to \ 
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pally in accordance with the seat of the painful phenomena. In the 
region of the head or neck, and in spots where the enrreut meets 
with very sensitive organs, it is importanl, as we have already said, 
to use weak currents, while the latter should be comparatively 
strong when we are acting ujion the trunk or the limbs. 

For a long time great importance was attached to the direction of 
the current. In recent years it has been determined that the in- 
fluence of the direction is by no means absolute. A pain may be 
annihilated as well by means of a descending as of an ascending 
current. Hence the admonition, in case one does not succeed with 
one of the two, to try the current having the opposite direction. 

The polar method produces the most constant results. When we 
wish to get a sedative action, we place the positive electrode in the 
vicinity of the painful spots and use a continuous curreut of steadily 
increasing intensity and duration. 

Great care must Ik- taken to establish the current slowly, and take 
the same precaution in bringing it back to the zero-point. It is 
probable that the modification produced is a consequence of the 
polarization of the tissues, and that the action is analogous to the 
phenomenon previously described under the name of clectrotomis. 

Rcruak and several practitioners since have recognized the Utility 
of treating the pressure- points in this fashion. Under this name 
are denoted points which are painful to pressure (neuralgic potato), 
M which become so under the influence of the current, when mi 
electrode connected with the negative pole is applied for an instant 
at tin' spot where they are situated. The procedure is successful not 
only tn neuralgias, but also sometimes when the pains are symp- 
tomatic of a central affection (ataxia, hysteria, neurasthenia). Cur- 
rents that are weak or of medium strength ihoahj lie employed, than 
being generally mure useful than the intense currents. Sciatica, 
however, often requires the use of eorajrarativelv itfoOg CUITBDta. 

The same procedure is applicable to some of the pathological 
phenomena that are referable to a state of abnormal excitability of 
ttie motor sphere. The author alludes to writers' cramp, what are 
called essential contractures, tic douloureux, etc. 

The methods of treatment that are especially ftppliOftbk to motor 
disorders — like tonic or clonic convulsions — are not so well dofiotd. 
Duchenne extolled faradization of the antagonistic muscles. We 
may likewise act upon the muscles by means of discontinuous gal- 
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Sometime* continuoui galvanization with weak qui 
tried OVW llie rigid muscle* themselves. The rcsuir- 
cidiirc are DOt w) constant. 

Electrization by the static method likewiseiiffbrds local jiroerdi 
the result of which is manifested in sedation. Thus tin* local at i 
liiticm produced hv sparks :md by electric friction is com plica led I 
reflex actions, the effect of which may be sedative. This is wbj 
can succeed in assuaging by these procedures the pains of DM 
then its and hysterical subjects as well as, or sometime- 
than, by faradization. 

But the procedure that is the sedative one par rx/rtllrncr, and 
whose action Ee probably direct, consist! in the use of the et« 
breese. This remedy is efficacious in a large number of neural* 
As in the aura, it has an action that is sometimes sedative, so 
times stimulating. It produces, moreover, onlv a very slight dej 
of revulsion. 

We have said, in speaking of the physiological effects of Bled 
ity, that the different met h oris of electrisation bavi A 
upon l he vasomotor nerves, the bloodvessels, the lymphatics, 
processes of molecular metamorphosis, and sometimes also upon 
general nutrition; and the galvanic current in addition give* riw 
phenomena of electrolysis and cata phoresis. It is to the sum t< 
of these influences, some of which, to l>e sure, are still but li 
known, that the name of catalytic effects has l)een given in tierrm 
since the time of Reran k ; and these effects form the diatingaiab 
marks of what we have denoted under the name of trophic :nii..i 

It is very probable that in most cases the therapeutic tSM 
referable to this sort of action, which, although still obscON and 
well made out, is certified to by a number of clinical 
It is this trophic action that we seek to secure when, in 
riving our indications from the symptoms, we go to the oubm of 
disease and endeavor to modify the lesion itself. Thus, in an afl 
tion of the spinal cord, for example, we may by electrisation 'id 
attempt to reawaken movement ami sensibility in the limbs — a 
this has been the object aimed at in the procedures BO hi 
or we may try to modify the spinal lesion itself. It is this lat 
indication which is fulfilled by those measures which give rise espe 
ally to trophic actions. 

The use of these measures is indicated in diseases of the nervo 
system with material lesions ; in diseases of the nerves and muscle 
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in subacute and chronic affections of the mucous membranes and 
lymphatic system; and in diseases of the joints, skin, etc. 

In general, we should preferably have recourse to the galvanic cur- 
rent, and should be obliged to do so in all cases in which it is neces- 
sary to get at the deeper organs. The faradic currents could not 
modify anything but the superficial lesions. The most simple pro- 
cedure consists in passing a continuous current of sufficient intensity 
through the diseased region without altering the direction of the 
current. 

Quite a number of observations tend to prove that from the stand- 
point of the atrophic effects produced the direction of the current is 
a matter of indifference. It has even been discovered that it is 
advantageous to change the direction of the current from time to 
time. At the same time we shall have no occasion to concern our- 
selves with any polar action. As it is simply a question of produc- 
ing polarizatiou of a whole region, the polar action is theoretically a 
matter of indifference, and, if in practice we sometimes observe a 
therapeutic action that varies according to the character of the active 
pole, this depeuds upon the fact that in reality the effects produced 
are always complex. As regards interruptions of the current, they 
may be useful in some cases ; for instance, when we wish to act upon 
the muscles, upon the vascular nerves and vessels, etc. 

Alongside of this procedure, producing what Remak has called 
direct catalysis, there are means of acting which give rise to trophic 
actions at remote points through excitation of the nerves supplying 
a diseased region. These latter procedures constitute indirect catal- 
ysis. 

The most interesting of the means capable of producing trophic 
effects cousists in the galvauization of the great cervical sympathetic. 
It is a sort of general method of treatment, with regard to whose 
application we must cite the names of Remak, Benedikt, Moritz 
Meyer, Erb, etc 

It will be noticed that when we endeavor to apply electricity to the 
sympathetic in the neck, we at the same time produce by diffusiou of 
the current in the neighboring parts a stimulation of the vagus, the 
carotid, the nerves at the base of the skull, and probably, also, stim- 
ulation of the brain and medulla. It is really a question, therefore, 
of a procedure which is quite complex in its effects. Hence Erb has 
given it the name of galvanization applied to the neck, aud de Wat- 
teville the name of subaural galvanization. 
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Either the method of Moritz Meyer or r 
employed. 

Moritz Meyer places a narrow electrode, connected iri 
live pole, at the angle of the maxilla near the hyoid bone, 
directed upward and hack ward towatd the vertebral niliiiiiii. 
positive pole, in the form of quite a large plate, is applied at the <>| 
site side against the spinous processes of the fifth and sixth oati 
vertebras. The current used should be of medium intensity, and 
l>e either continuous or interrupted. We may also reverse its d; 
lion. The application is short, lasting from one (o three mini 
We may treat one aide or both sides alternately. 

In Beuedikt's method the positive pole, in the form of a but 
shaped electrode, is applied at the site of the jugular fossa, and 
negative pole is applied at a point corresponding to the inperioi 
vical ganglion. No action is exerted upon the cord in this «av. 
Morits Meyer's method is for this reason preferred. 

Galvanization perlbrrued in the neck has been applied in < 
different cases. It has l>een proposed in hemiplegia of central ori 
neuralgias of the trigeminus, migraine, paralyses and contract 
of the muscles of the face, ncuro- retinitis and atrophy of the c 
nerves, Basedow's disease, epilepsy, progressive muscular alroj 
chronic deforming rheumatism, scleroderma, and certain chr 
skin affcctionB, aucli as prurigo and eczema. The favorable res 
that have so far been published require confirmation. 

We should likewise cite among trophic actions the effects wl 
may be produced at a distance while we are making use of s 
measure capable of stimulating strongly the sensory nerves of 
skin. Many of these reflex effects simply produce temporary v; 
motor phenomena analogous to those which we have nientiouet 
speaking of revulsion and other kinds of cutaneous stimulat 
They are no less important to know, since it seems as if one Rut 
refer to them, at least in part, the therapeutic results obtained in 
treatment of certain congestive or inflammatory diseases of the ■ 
tml organs, in whiHi we confine ourselves to stimulating oar 
regions of the skin, especially by means of faradization. 

In the application of the principal local measures wfii h we li 
just described it is necessary in order to succeed in aocuntalj h 
lizing the electric action, to pay attention to the precepts gi 
by Ducbenne and by von Ziemssen. A rapid sketch of I 
that are the most important to be acquainted with in ] 
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therefore be given, it being presupposed that we have to work by 
roeaDS of faradization. 
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la tha head the part that has been principally studied is the region 
•rve, a part where we have occasion most often to work. 
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It is useful in most cases to look, in the first place, for the t 
the nerve. We get at it by means of a dander elec tr ode , whk 
direct in front of the external auditory meatus against the \f* 
bonier of the inferior maxilla (Fig. 90). When ihe cum 
strong we get a complete anil well-marked contraction of the ■ 
facial region. 

For the other branches of the nerve Erb shows three prii 
rami, or rather three ramifications — the upper branch, which i 
sponds to the muscles situated above the palpebral fissure : the 
die branch, which supplies the muscles situated between thee; 
and the mouth; and the lower branch. In other details and f< 
muscles the schematic plate (Fig. 851) will tell more than any de 
tion. 

The points of stimulation of the muaoJai v:iry much accord i 
the subject. We should look for them with a very slender eled 
which is Lightly applied, and with a current of the lowest po 
intensity, for this exploration is rendered painful if we meet 
branches of the trigeminus. 

In the neck we find a great number of important nerves ani 
rious muscles. 

The hypoglossal nerve may be stimulated by means of a si 
electrode carried deep in, above, and behind the corner- of the I 
bone. A strong current must be used. The muscles of the to 
of the velum palati, and of the upper regions of the isthmus m 
stimulated directly by means of a suitably curved electrode. 

The spinal accessory is accessible in the greater part of its co 
the two musoles which it innervates (sterno-ctei do- mastoid and t 
zius) can readily be stimulated separately. The same is true o 
spleuius and levator anguli scapula; muscles. We shall less 
qnently have occasion to make the current act upon the 1 
muscles; it is, however, possible to get at them. 

In the supra-clavicular fossa are found the brachial plexus, wi 
its branches, and the phrenic nerve. This latter cannot be reached 
rately. It must be looked for along the external border of thest 
cleido-mastoid, a slender electrode which slides smoothly being us 
account of possible contraction of the scalenus. Erb advises th 
of a slender bifurcated electrode attached to the negative pole. Si 
lationof this nerve produces an abrupt inspiratory movement, at 
panied by rising of the epigastrium and an inspiratory lary: 
sound. Rhythmic faradization of this nerve, aided by a 
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pi ration — a method pointed out by Duchenne — has been used with 
success by Von Ziemsseo and various practitioners since, to combat 
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asphyxia and the accidents occurring in the administration of chloro- 
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With a little care it is easy enough to get at the various bra: 
of the brachial plexus (see the schematic plan, Fig. 89). By pi 
the electrode Upon a circumscribed spot, about two or three i 
metres above the <lavicle and a little to the outer side of the pos 
border of the sterno-raastoid, at the level of the transverse proo 
the sixth cervical vertebra, we can produce a simultaneous coi 
tion of the deltoid, biceps, brachials anticus, and supinator lo 
and also of the aubscapularis and stipra-scapularis. This spot, k 
by the name of Erb's point (or the supra-clavicular point), has 
practical importance. 

In the region of the upper limb we note on the flexor aspect 
91) the ulnar and median nerves, which can be stimulated tin 
their whole coarse along the internal border of the biceps m 
The point where the ulnar nerve can be stimulated most reac 
situated a little above the iuternal condyle; the stimulation-po 
the median nerve is situated at the bend of the elbow, at the 
where the nerve lies quite horizontally upon the muscular bum 
the flexors. "When these nerves are stimulated the arm ought 
kept slightly flexed aud the muscles should be relaxed as comp 
aa possible. A weak current should be used, 

The musculo-cutaoeouB nerve is readily got at near the an 
border of the axilla, between the coraco-brachialis and the bice] 
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On the forearm the ulnar and median nerves are accesai 
short distance above the wrist, the ulnar nerve being very clo 
the tendon of the flexor carpi ulnaris, and the median nerve I 
situated between the tendons of the flexor carpi radialis and a 
pal maris longus and brevis. (Fig. 92.) 
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As regards the stimulation of the muscles, the points marked upon 
the schematic plan give sufficient information. In stimulating the 
biceps we must take care to avoid the median nerve. It is difficult 
in the region of the forearm to stimulate separately the muscles sub- 
serving flexion ; moreover, this is rarely useful. In the hand we 
readily get excitation of the muscles of the thenar and hypothenar 
eminences ; it is not so easy to succeed in producing stimulation of 
the lumbricales. 

In the hollow of the axilla the nerves which can be got at sepa- 
rately are the axillary, the radial (musculo-spiral), and the lateral 
thoracic, stimulation of which causes contraction of the serratus 
magnus. 

On the posterior aspect of the upper limb (Fig. 90) the only nerve 
that can be stimulated is the musculo-spiral, at the instant when it 
turns about the bone. The operation is quite difficult to perform. 
We should look for the nerve at about the middle of a line connect- 
ing the insertion of the deltoid with the external condyle, between 
the processes of the supinator longus and the brachialis anticus. 

The muscles, with the exception of the supinator brevis, can be 
readily stimulated. 

In the trunk stimulation can be made of the muscles only. 



Fig. 98. 



Inferior Branch of Inferior Gluteal 
Nerve — to Gluteus Maximus. 

Sciatic Nerve. 
Biceps, short head. 



Tibial Nerve. 
Peroneal Nerve.- 
Gastrocnemius. 
Soleus. 




Adductor Magnus. 
Senii-Membrancsus. 
Semi-TendinosuH. 
Biceps, long head. 



— Gastrocnemius. 



For producing stimulation of the nerves and muscles of the lower 
limbs the indications shown in Figs. 91 and 93 are sufficient. 

It is necessary to have certain other facts in order to make some 
kinds of local stimulation. For electrization of the skull, which can 
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shall be situated iu the course of the shortest line connecting the t 



■ 



be made only with weak continuous currents, tritboat :i 
tions being employed, it is necessary lo know the points which i 
spond to the deep parts. The region of the third frontal eon 
tiou is reached at a |>oint a little in front of and above the ear 
region of the central convolutions extends Imrk from this pi 
toward the vertex. 

The medulla oblongata is found between the mastoid processes 
the two :t 1 1 rir-iilo- mastoid fossre ; the region of the great basal gan 
corresponds to the temples, etc. 

According to the position of the electrodes, a distinction 
between median galvanization, from the middle of the forehead 
the middle of the occiput; right or left unilateral galvnn 
one frontal emiueuce to the corresponding occipital protuberaoi 
and transverse galvanization, cither frontal, temporal, or oivipital, t 

The galvanization should be made in such a way that the let. 
hall be siti 
el eel rod es. 

Iu the region of the spine we should consider the site of the C 
vical enlargement, extending from the third and fourth cervical 
the second dorsal vertebra; and of the lumbar enlargement , exta 
iug from the tenth dorsal to the second lumbar vertebra. 

Although it is better to confine the text to a summary descript 
of the general methods of treatment by means of the electrical age 
the subject of the local applications cannot be passed by without ^ 
ing some supplementary information with regard to the method 
making local appl icatlons. Certain organs and certain regions of 
body, as a matter of fact, require a special outfit and a speaial .' 
of working, of which we have not yet had occasion to speak. T 
author will, however, be very brief in this part of the study, for 
have already had occasion to say something upon this subject 
speaking of certain kinds of medication, aud we will also return t 
when we shall be considering the matter of treatment. 

In the first place, there is a special form of stimulator, which 
owe to Boudet de Paris. In making localized applications of 
galvanic current we arc often troubled by the formation of derr 
currents. This disadvantage Is particularly marked when we W" 
upon the face, the walls of the crauium, or in the region of 
ueck. The concentric-pole electrode puts a stop to any danger 
this kind. It consists of a metal ring (Fig, 93), which is cove 
with chamois-skin and screwed upon a handle with an interrupt 
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button, and which is connected with one of the poles of the battery. 
A bent arm, insulated from the rest of the apparatus by means of a 
hard- rubber plate, supports the active pole, represented by a carbon 
knob covered with ch a mom-skin. This electrode has Iwen utilized 
mainly by Boudet de Paris for galvanization of the nerves and mus- 
cles of the face (paralyses of the facial, neuralgias of the trigeminus, 
tic douloureux). 



It is not necessary to speak of the sjiecial electrodes that have been 
devised for acting upon the sensory organs, for these details belong 
to special practice. But it seems worth while to give some indica- 
tions with regard to the applications that the physician is called upon 
to make in the internal cavities and in organs containing smooth 
muscular fibres. 




Stimulation of the uterus is most often made by means of faradic 
currents. We may perform faradization in the vagina alone or an 
intra-uterine faradization. In l»t.h cases, especially the latter, we 
should take antiseptic precautions. For vaginal faradization *a 
make use either of Tripier's vulvo-uterine electrode (Fig. 95), or ot 
Apostolus bipolar vaginal electrode (Fig. 97). When the latter in- 
strument is used it is introduced gently into the vagina and applied 
lightly to the part to which we desire to localize the action. To 

iploy uterine faradisation we use either Tripier's single utcrim- 
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electrode (Fig. 96) or Apostolus bipolar electrode (Fig. 97). 
Tripier's method the circuit is closed by means of two large | 



Monopolar Flexible Intm-uterine Electrode. 

electrodes, terminating in a bifurcated rheophore wire, which ai 
placed upon the alxlomen just above the pubis. Apostolus metho 
brings both poles together within the uterus itself. 




'aginal Electrode. 



In both cases the electrode should be introduced gently and uej 
tically as far as the fundus of the uterine cavity, the cervical regio 
being more sensitive to electrization. This kind of applicatioi 
the duration of which should uot exceed more than from three to fiv 
minutes, is useful mainly in uterine inertia and the hemorrhagi 
which result from it. 



For uterine galvanization, which may be made either by the cor 
tinuous or the discontinuous method, we introduce into the vagina 
sponge -elect rode, such as that of Charon (Fig. 98), the inactive p»l 
being represented by a large plate applied over the umbilical regioi 



1 
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The bladder may be stimulated by analogous means. For f, 
dization Duchenne devised a double vesical rheophore, comp 
two flexible metal shanks introduced into a double-current c 
It is simpler to use Guyou's exploratory sound (Fig. 99). 
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composed of a small metal mandrin having an olive-shaped ex- 
tremity, and screwing upon the end of a metal wire. Devised for 
the purpose of determining the size of strictures, it represents the 
most practical instrument for effecting faradization either of the 
urethra or of the bladder. 

For applying the galvanic current in the bladder, Boudetde Paris 
has made use of an arrangement analogous to that which we shall 
describe in speaking of electrization of the intestine. The hollow 
vesical sound (Fig. 100) encloses a single platinum wire and thus 

Fig. 100. 




preserves all its flexibility, while at the same time it can be made 
as thin as may be desired. To this sound is fitted a short, hollow, 
branched mandrin ; connected with one of the branches is a tube 
which enables us to empty the bladder and to replace the urine by a 
certain quantity of water. As it is of importance to estimate the 
intensity of the vesical reaction, the other branch of the mandrin 
terminates in a water or mercury manometer. We may thus, in 
imitation of the method devised by Mallez for studying the energy 
of the vesical contraction, observe and measure the smallest contrac- 
tion of the bladd* 
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Boudet de Paris's ingenious method for obtaining energetic or 
tractions of the mass of int.* tines is also devised from the precedi 
method. To avoid the production of eschars of the mucous membra: 
to which the use of the strong currents that are necessary in bo 
cases might give rise, Boudet de Paris makes, by means of a spe 
arraugement, a sort of liquid electrode of very large surface, 
rubber sound (Fig. 101) is introduced into the rectum, 
vided with a tubular metal mandrill whose end does not reach c 
up to the eye in the aide of the sound. This mandrill is i 



iry in so 
a! a tptt 
e. AIk 
Itiip 
reach qi 
is attad 




by a conducting- wire to one of the poles of the battery. By me 
of a rubber tube it is connected with the canula of an irrigator o 1 
a syringe, and in this way the rectum can be filled with water c 
tainiug a small amount of salt. The other pole of the battery ter 
nates in a large plate, which is placed either in the dorsal regior 
upon the abdomen. The most, effective method consists in send 
a current iiicreiising steadily iu strength up to 10 milliamperes, 
positive pole corresponding to the rectal electrode; then at the 
of two or three minutes reversing the direction of the current. So 
times strong peristaltic contractions are generated. They ma; 
produced by means of interruptions made at very long intervals. 

In quite a large number of cases the object of the electric treattc 
is not to act upon a limited portion of the body, but to produ< 
modification of general innervation or uutrition. We theti h 
recourse to methods capable of producing an impression upon 
whole organism and giving rise to complex effects. These are 
various measures for producing general electrization. 

The electrostatic bath, although the gentlest and least stimulal 
of these measures, is endowed with an undeniable therap* 



which makes it valuable in quite a large number of cases. It has 
been successfully employee! in most of the neuroses by Mutid, Stein, 
Benedikt, Charcot, etc. In neurasthenia Stein recommends the posi- 
tive air-bath. The same kind of bath haB been employed by F6re 
in electric neuroses — i. c, in subjects giving sparks at the ends of the 
fingers, or experiencing a state of fatigue attended with vasomotor 
disorders, and attributable to au excessive loss of electricity. The 
static bath has also been used in amemia and in certain forms of 
dyspepsia referred, rightly or wrongly, to the presence of a neuro- 
pathic condition. 

The other methods of producing general electrization which we 
have left to describe are general faradization and galvanization, cen- 
tral galvanization, and the electric baths. 

For the general faradization of Beard and Rockwell the patient 
is placet! on a moist and warm copper platform, which is connected 
with the negative pole, or, better still, is seated upon a large wet 
sponge attached to the same pole. The physician applies the elec- 
tricity either with his hand or with a sponge-electrode. The active 
electrode is carried first over the forehead, head, and nape of the 
neck; then with stronger currents over the vertebral column, the 
neck in the region of the sympathetic, the vagus, the phrenic nerve, 
etc. Afterward we pass to the region of the epigastrium, and stop 
there for a certain time. The sitting is ended by energetic stimula- 
tion of the muscles of the limbs. 

This procedure causes quite an intense geneml excitation, which 
is capable of giving rise to malaise, tremor, and sometimes even 
syncope. At the end of some days it produces fatigue, muscular 
pain, cephalalgia, and insomnia. But after a certain number of 
sittings alt these phenomena disappear, sleep returns, the appetite is 
increased, the circulation goes on with renewed activity, the volume 
of the muscles increases, the pains disappear, and a feeling of well- 
being succeeds the malaise of the first days of the application. In 
reality, therefore, the effect obtained is a sedative and restorative 
action. Hence, the procedure has been recommended in cases of 
general neurasthenia and in the state of exhaustion following a long 
and difficult convalescence. It has been employed successfully by 
Maienfisch, by Moebius, and by quite a large number of other phy- 
sicians. 

General galvanization was conducted by Vater von Arteus in the 
following manner : The patient is connected with a large fixed nega- 
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tive electrode, as in general faradization, and the active positi 
electrode is represented by a large sponge liaviug an area of 30 squa 
centimetres. This elecirode, while being constantly moved aboi 
ought never to break contact with the integument. It is allowed 
rest upon certain spots. Vater makes two circuits above, two circu 
below, a cephalic circuit, and a spinal circuit In making the upji 
circuit the sponge is placed between the fifth and seventh cervi< 
vertebra), and remains fixed there. The operator adjusts the currei 
which should be weak, and then passes the electrode slowly over i 
lateral portions of the neck as far as the auriculo-maxillary fow 
then, following the anterior border of the slerno-cleido-mastoi 
descends upon the sternum, and, passing transversely outward, i 
turns over the brachial plexus, and from there over the pectoi 
muscles and upon the arm, following the bicipital groove. He ne 
passes along upon the median nerve, the motor points of the uln 
nerve, then upon the flexor muscles of the forearm down to t 
lower border of the ulna, over upon the haud, then upon the rad 
side of the forearm upon the motor point of the musculo-spu 
nerve, and upon the triceps and deltoid, finally returning to t 
starting-point in the supra-clavicular fossa. The other arm is treat 
in the same way. 

After making the second upper circuit, the operator passes t 
electrode several times from above downward, and from be!< 
upward, along the vertebral column. 

The cephalic circuit consists in placing the electrode upon I 
nape of the neck, and then upon the mastoid process of one si< 
From this point the operator makes the circuit of the ear and past 
over upon the temporal region and the forehead, then upon t 
temporal region of the opposite side, and so on back again to t 
starting-point. 

The two lower circuits begin in the lumbar region ; from tl 
point the operator directs his course toward the lateral portions 
the abdomen, and from here again proceeds so as to stimulate t 
lower limbs, beginning with the crural nerve, and working as in t 
case of the upper limbs. 

Each superior and inferior circuit lasts two or three minutes ; t 
cephalic circuit half a minute or more; the spinal circuit half 
minute. The current should be weak, particularly when passing 
the vicinity of the nerve-centres, the plexuses, and the great e 
trunks. 
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The central galvanization of Beard, or paracentral galvanization of 
Vater, consists in applying a large fixed negative electrode to the 
abdomen, and in passing a positive sponge-electrode, having an area 
of 30 square centimetres, over the parts corresponding to the nerve- 
centres. The operator begins by passing over the forehead from one 
Bide to the other, then over Beard's cranial centre — i.e., the vertex 
of the skull midway between the ears, the hair iteing well wet when 
this is done. From this point he goes toward the occiput, then 
toward the auriculo-maxillary fossa, from which region he descends 
upon the lateral portions of the neck as far as the fifth or seventh 
cervical vertebra, in such a way as to cover the cilio-spinal centre, 
and finishes the sitting by making friction along the vertebral col- 
umn. The current should be weak and the duration of the whole 
operation from ten to fifteen minutes. 

The effects of gown) galvanization are sensibly the same as those 
of general faradization. 

Central galvanization is said to produce chiefly improvement in 
Bleeping, increase of the appetite and the muscular force, reawakening 
of intelligence, and the disappearance of fatigue. An increase in the 
body-weight is not observed after this treatment, this being pro- 
duced only by geueral faradization. 

The indications for the general measures are numerous. They 
comprise, apart from the neuroses, those diseases that are associated 
with disorders of nutrition and involve, from their long duration, a 
more or less intense wasting of the organism. 

It is conceded that in cases in which it is desired to act specially 
upon the central nervous system preference should be given to gen- 
eral galvanization ; and that general faradization lias a more marked 
action upon the skin and the muscular masses, and that it is particu- 
larly adapted fur producing a general tonic action. 

As to central galvanization, Beard used it especially in neurasthenic 
states associated with but .slight impairment of the general nutrition 
and of muscular power. In these cases he gives the preference to 
general faradization. 

General electrization is also obtained by menus of electric butbs, 
the use of which is comparatively recent. 

According to Bouillon-Lagrange, the idea is due to Morctin(1864). 
In 1866 S6re presented to the Academy of Sciences a model of an 
electric bath of a cement bath-tub, at the ends of which were ar- 
il two carbon plates which conducted the current. Several trials 
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of those baths wore made at this time in the Hospital Sainl-Loi 
Since then the electric bath has been made the subject of research* 
by Paul (1871 and 1880), and more recently has l>een studied i 
scientific manuer by Stein, Eulenberg, Lehr, etc. 

The electric bath has several forms. The local bath has been g 
up, and, hence, what is now meant by the term is a bath in whicl 
the patient's entire body is immersed in the water. This bath can b 
given with the galvanic current or with the induced current. W 
have, therefore, a faradic bath and a galvanic bath, and either on 
may be unipolar or bipolar. Finally, Stein has devised a particula 
form of administration to which he gives the name of the electri 
douche. 

It is interesting to consider what are the physical conditions tha 
are created by the immersion of the body in water. 

The moment the patient is immersed in the liath the resistance g 
the external circuit diminishes, so that the intensity of the curren 
increases. 

Thus, for a certain number of cells, we have : 
E 

r being, as always, the internal resistance of the battery and 1 
external resistance represented by the water of the bath, 
sistanoe, R, becomes much smaller when the patient is in the wate 
We get, other things being equal : 

I': 



I = 



the curren 

and R th 
. This re 



* 



■ + R — R" 

R' representing the quantity by which the resistance of the circuit i 
diminished. 

Lehr has proved that the diminution of the resistance does no 1 
spring from the increase in the sectional area of the aqueous couduc 
tor produced by the immersion. In fact, this diminution is main- 
tained when the level of the water is reduced to the former height 
This experiment in itself alone would tend to prove that the body is 
traversed by the current. 

Various other considerations of a physical nature and sever 
experiments made by Weisflog with the induced current and byStei 
with the galvanic current have rendered it possible to establish t 
fact that the body when immersed in the water forms an inte 
part of the external circuit, and is not, as some authors have h 
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in parallel circuit with the water. Chauveau's researches, too, upon 
unipolar stimulation, made some time ago, have left Do doubt what- 
ever upon this point. 

It results from this that the monopolar bath has the disadvantage 
of producing a current of too great a density over the part which is 
situated outside of the water and which forms the connecting-link in 
the circuit. 

In general, preference is given to the bipolar bath, and a greater 
number of plates than two are used. By thus increasing the sectional 
area of the conductor, we facilitate the passage of the current through 
both the body aud the water. The plates should be of equal area. 
Otherwise the current would become too dense at the site of the 
smallest electrode, and the patient would experience a sense of prick- 
ing if the galvanic current were employed, or a muscular contraction 
if it were the faradic current. Stein has finally fixed upon the fol- 
lowing arrangement : The positive pole is connected with a hollowed- 
out plate placed near the bead, and the negative pole corresponds to 
two plates, one situated at the feet, the other between the legs. The 
patient's hands ought to be applied along the thighs. 

The bipolar bath has been charged with being the seat of polari- 
zation phenomena, partly at the surface of contact between the elec- 
trodes aud the water and partly at that between the water and the 
surface of the body. These phenomena would give rise to inverse 
currents, opposing the principal current. When the electrodes are 
Urge the density of the current is low and the polarization phe- 
nomena are reduced to a minimum. It iB precisely the opposite in 
the unipolar bath ; the current becomes very dense at certain points 
at which the polarization reaches its maximum. There results from 
this a very disagreeable sensation in the wet hands, which serve to 
form the connecting link in the circuit outside of the water; and 
this is particularly the case when the positive bath is employed. AVe 
must not try to make the water a better conductor by adding salts 
or acids to it, for we shall thus oppose the very end which we are seek- 
ing to attain ; that is, we shall prevent the passage of the current 
through the body. 

< bring to the fact of immersion, the resistance of the epidermis is 
considerably diminished, and the faradic current can, under these 
conditions, act more deeply than by any other method. 

Stein's electric douche is administered in the following manner: 

A large receiver filled with a saline solution and placed some dis- 
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tiiin-i- above the jtatient communicates by a pipe with an apparat 
by means of which either a jct-liath or a shower-bath can be giv 
To this apparatus is soldered a terminal to which can be attacl 
the positive or negative rheophore of the battery or of the induct! 
apparatus. The patient, seated in the bath, is in connection with 
pole of opposite character 

When the stopcock of the hyd roth erapeu tic apparatus is oj 
the water eruergiug from the ball of the shower or from the 
of the jet-tube, and striking the patient's skin, closes the circuit 
produces marked excitation similar to that which is caused by 
electric aura. The mobility of the douche-pipe enables us to loca 
the stimulant action, which is, moreover, reinforced by that of 
water. 

Stein's method presents a further interesting peculiarity. 1 
consists in the production of a sort of electric massage by means 
a roller electrode, at the moment when the patient is about to le 
the bath. This application is made while be remains standing 
the water, which thus serves as an electrode. 

For the faradic bath, which is the kind most often made use o 
coil with very coarse wire is employed, which gives quantity, : 
which is run by two bichromate cells or by two accumulators. ' 
galvanic bath requires the use of an in tensity -battery, for instance 
a battery of 30 to 40 bisulphate cells, as the resistance to be o\ 
come is quite considerable. 

The electric bath produces modifications of the pulse, respirat 
temperature, and farado-cutaneous sensibility ; it furthermore eff 
the excitation of the motor nerves and muscles and influences 
general nutrition. 

According to Eulenherg, the frequency of the pulse diminishes 
from 8 to 12 pulsations in the faradic bath, and from 10 to 30 in 
galvanic balh. Lebr has seen palpitation and arhytlinu'a occur » 
currents of great intensity. 

The frequency of respiration is likewise diminished (Eulenbe 
and this phenomenon is more marked in the bipolar than in the t 
polar bath (Lehr). 

The body-temperature is reduced in all cases, whether the bath 
faradic or galvanic (Lehr). 

The excretion of urea is increased distinctly by the galvank 
bipolar faradic bath, very slightly by the negative unipolar bat 

The action of the electric, baths is, on the whole, : 
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results obtained by Eulenberg and Lehr, very similar to that of the 
stimulant thermal or chemical baths. They may, at the end of some 
time, result in producing a general sedative effect. 

These bat lis have been employed empirically in all cases in which 
the usefulness of general electricity lias been recognized, i.e., in neu- 
roses (hysteria, neurasthenia, hypochondriasis, Basedow's disease, 
etc.) and in certain chronic affections (arthritis deformaus, chronic 
gout, obstinate dyspepsia, etc.). The indications for them are sensi- 
bly the same as those for general electrization. It is, indeed, nothing 
else but one form of general electrization, and often the only one 
whose use is tolerated when the patient is of the female nx. 

The effects produced are likewise those of general electrization : 
improvement in sleeping, rapid and permanent return of the appe- 
tite, especially in cases of dyspepsia; regulation of the intestinal 
functions, heightening of the general nutrition, and, as a consequence, 
increase in the body-weight, etc. 

According to Lehr, the duration of the electric hath should be 
short — from ten to fifteen minutes — when it is desired to produce a 
sedative and tonic action. It may be carried up to thirty minutes 
in cases in which we wish to get a diminution of sensory and motor 
excitability (tremors, spasms, contractures, etc.). The temperature 
of the water is 32° to 86° C; it should be higher for rheumatic 
patients than for others. 

The passage of a galvanic current through a saline compound 
tends, is known to decompose it; at the same time, when two 
solutions are separated by a membrane, a movement of translation is 
set up, either in the same direction as the current, or in the opposite 
direction, according to the substances upon which we are acting. 
These phenomena with which we have had to do when speaking of 
electrolysisandof eataphoresis have been utilized in therapeutics. In 
particular it has been sought to facilitate, by means of the galvauic 
current, the passage of certain medicines through the uninjured skin. 

The first experiments, made by Munk, B. W. Richardson, and 
Onimus, had given rise to the hope that we had become possessed of 
a new and efhYieut method of introducing medicines into the organ- 
ism, when Lauret submitted the question to the test of accurate ex- 
perimentation, 

Lauret made use of a high and narrow block-tin bucket, having 
soldered to its walls a metal terminal for the NOVptloa of MM of the 
rheophore* of a battery. 
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The patient immersed his forearm id this bucket, which v 
with a medicinal solution, and the galvanic circuit was closed i 
means of a largo electrode applied to ihe arm and connected with i 
other rheophore of the battery. The results of this ooDMJaitia 
observation, which were announced in 1885, are very inteiCBtio 
Lauret showed that the number of medicinal substances whose a 
sorption through tfie skin can be facilitated by the current is v 
limited ; that these substances are not absorbed undecomposed ; tb 
some of their elements, set free by the electrolytic action, are the on 
ones capable of being absorbed ; that, for instance, the use of sol 
tions of the iodides, bromides, and sulphides may be followed 
absorption of the iodine, bromine, or sulphur; and, lastly, that i 
amounts absorbed are too insignificant to make it possible for ll 
way of introducing medicines to be of any great efficacy. He i 
served, however, that the application of this measure is sometin 
iu practice followed by therapeutic results. 

Since that time experiments of this sort have not been greal 
multiplied; still we may quote the method which Edison propa 
for dissolving tophi in gout. This great physicist immerses t 
patient's bands or feet in two vessels, one of which contains a sol 
tion of a lithium salt (lithium chloride), the other a solution of s; 
(sodium chloride); the first vesse! is connected with the positive p 
of the battery, the second with the negative pole. Examination 
the urine has shown him that under these conditions a notable pi 
portion of lithium passes into the general circulation. We mar a' 
add that Imbert de la Fouche has proposed to treat rheumatism a 
gout by cataphoresis by using a procedure which had been alrea 
mentioned by F. Peterson, and which consists in applying l.ii 
sponge-electrodes, one of which, connected with the positive pole, 
impregnated with a medicinal solution. The operator iu this c. 
has to make use of high intensities aud increase gradually until 
reaches 80 to 100 inilliamperes. 

These various kiuds of partial applications certainly cause but 
small proportion of the active snbstanees to penetrate into the be* 
This is not the case apparently when we act upon the whole cu 
neous surface, as Gaertnor and Ehrmaun propose doing. 

Gaertner has had constructed a bathtub divided into two eo 
partments by means of a diaphragm. The latter may be fitted alm< 
hermetically to the human body. The walls and bottom of the t 
are lined with electrodes formed of plates of copper and zinc o 
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with a perforated atrip of wood. Oue of these compartments is 
connected with the positive, the other with the negative pole of the 
battery, anil they communicate with each other by means of the 
patient's body, the diaphragm being constructed of some insulating 
substance, and the water passing from one compartment to the other 
only by fissures that are almost capillary in size. Under these con- 
ditions the greatest part of the current, the intensity of which is 
measured by the galvanometer, passes through ihe hotly, and, further- 
more, the density of the current is equal in all the points submerged. 
By means of this contrivance the authors have administered baths ot 
corrosive sublimate. They placed four grammes of sublimate in the 
lower compartment, which was connected with the positive pole, and 
used an intensity of 100 milliamperes. In all their experiments a 
very notable elimination of mercury by the urine took place alter 
the bath. 

The time has not yet come for pronouncing upon the value of these 
various procedures. The one last described seems to be ca|>able of 
giving more marked results than do the local applications, but no 
certain proof of this has been, as yet, afforded. 

G. Gautier has thought of another method which he proposes to 
call the electro-chemical method. Instead of utilizing the properties 
of the current in order to render endosmosis more energetic, he has 
conceived the idea of making use on the spot of the products of the 
electro-chemical decomposition of the medicines. The following is 
an example of one of the ojieratUms that he has performed. He 
withdrew loO grammes of pus from a purulent sac by puncture, and 
injected an equal amount of a solution of iodine or an iodide; then, 
leaving the positive pole of the battery in the sac, he passed a cur- 
rent through the latter. The solution used had the following 
formula : 



Iodine, in the nascent state, is producid capable of exerting a 
microbicidal and cicatrizing action upon th'' walls of the cavity, 

G. Gautier appears to have treated in this way with success lupus, 
actinomycosis of the face, fungous arthritis, tuberculous abscesses, 
sycosis, etc. 

There is now one more method to If tftdclied. 

This method ia derived from the chvminil galvaoo-cautery or 
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voltaic chemico-oaatery of Tripier, which has been used for qui 
a longtime. 

It will be recollected lliat the galvanic current produces in the itei^ 
horhood of the electrodes eheraical phenomena the intensity of wbii 
is proportioned to the density of the current. Win n il 
are metallic a current that has comparatively little density is sulfide 
to produce eschars, which are dry at the positive pole and moist 
the negative pole. If, for example, we plunge two gold needles in 
the tissues of an animal, some centimetres apart, and connect i* 
needle with the poles of a battery, we shall, if we pass through the 
a current of 16 to 20 milliamperes, see the skin at first grow pale 
the point where each needle is inserted. The effect produced is mo 
pronounced at the negative than at the positive pole. If we co 
tinue to pass the current through the parts for some minutes, a smi 
circular eschar will be formed about each needle. Tin ■ 
dueed by the positive needle is brown, dry, and takes a long tii 
before it is detached ; the eschar formed at the negative needle 
white, soft, and followed by cicatrization which progresses twin- 
fast as in the other case. The former is identical with the results 
the cauterization of the integument by acids, the latter with those 
cauterization by caustic alkalies. 

Suppose now that we act upon blood, or, more simply, upon 
solution of albumin (white of egg), and plunge our needles into o 
or the other of these. At the end of some minutes we notice abo 
the needle connected with the negative pole a sort of frothy tunc 
resulting from the action of the alkalies and the evolution of gas* 
about the positive needle we see a sort of solid coagulum without frot 
which assumes an ochre hue when the needle is made of iron. 

Such are the chemical effects which it is our object to produ 
when we make use of medical electrolysis — i. e., of chemical galvan 
cautery (voltaic chemieo-cautery of Tripier). The latter may 
denned as the sum total of the operations made by means of the gi 
vanic current and with electrodes which are very good couductoi 
and which are placed directly in contact with the tissues with tl 
object either of producing a partial or complete destruction of tl 
latter,or of causing a chemical modification iu the tissues and liqtiii 
in contact with the electrodes. 

In some of these <>j>c rations there i.= reason lor taking into accoun 
from a therapeutic standpoint, the modifications which arc product 
in a more or less extensive zone in the neighborhood of the ] 
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directly touched, and which are manifested in the tendency to dis- 
appear displayed by certain lesions. Tripier has given to this thera- 
peutic action, representing the remote result of electrolysis, the name 
of eleetro-raiolution. This term does not comprise all the results 
that may follow electrolysis. For example, in the treatment of 
aneurisms, electric applications give rise to quite complex effects 
which cannot be placed in the category of a resolvent action. 

In a certain number of cases the destruction of the tissues should 
be complete. Sucli should be the result of electrolysis when applied 
to the treatment of strictures of the urethra or of the cervix uteri, 
fistula?, malignant tumors, etc. 

Under these circumstances we seek only to establish rapidly a 
channel or way of communication between the exterior of the body 
and certain deeply-placed swellings — circumuterine or peri nephritic 
abscesses, hydatid cysts, etc. This sort of operation has received 
from Tripier the name of tubular cauterization. 

The outfit necessary for performing these various operations will 
vary accordiug to the object to be attained. Any medical battery 
may serve the purpose; but it is necessary to take into account the 
resistance to be overcome, and to select the cells used, and the num- 
ber of the latter accordingly. The ordinary methods of operating 
do not require the use of great intensities. The latter are brought 
to bear only in the operations devised by Apostoli for the treatment 
of certain diseases of women. In these eases it would be necessary 
for the operator to have at his command quite a powerful battery, 
a galvanometer capable of indicating a considerable intensity (up to 
300 milliamperes), and a current-selector that will enable him to take 
the cells one by one, or, in default of this, a rheostat. 

The special form of outfit is represented in the main by different 
kinds of electrodes. 

In a large number of cases one of the poles is inactive. As it 18 
often necessary to use an intense current, the attempt must be made 
to prevent the formation of eschars near the indifferent electrode by 
giving the latter a large surface — i. c, by rendering the current less 
dense at that point. With this object in view, Boudet de Paris has 
proposed placing a large plate, 20 centimetres square, over each 
thigh, and often, too, a third plate over the kidneys. These three 
plates connected together represent a total surface of alrout 12 square 
decimetres, which enables us to get great intensity with a compara- 
tively small Dumber of cells. 
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Apostoli has for the same purpose devised a special electrode, 
which is at present used in gynecological operations that require the 
employment of great intensities. This electrode is made of clay, 
and it is a good thing for the physician to be able to make it himself. 
The clay ought to be as plastic as possible and free from sand. It 
should be very soft, so as to be able to stick to the skin and to be 
moulded accurately to the parts to which it is applied. This region 
is generally the abdomen. 

To make this electrode it is enough to have a rectangular wooden 
or iron frame, 30 centimetres long by 18 broad and 1 J high. To 
this is applied a piece of wide-meshed tarlatan, which has been pre- 
viously wet, and thus a space is formed in which the clay is placed 
in the form of a very wet cake. The projecting edges of the tarlatan 
are pressed down and the clay cake is lifted from its mould. To its 
surface is applied a large metal electrode, which is pushed into the 
clay a moderate distance. 

Fig. 104. 



Fig. 102. 



Fig. 108. 



Electrolytic Needles. 



The active electrodes are in most cases needles of gold or steel. 
Their length is necessarily very variable; their diameter ranges 
between the extreme limits of a third of a millimetre and a milli- 
metre. (Fig. 102.) 
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When the electrolysis must be made deep down (in the treatment 
of aneurisms, for example), we must be careful to cover the needles, 
except at their points, with a thick coatiug of insulatiug varnish for 
a length of several millimetres. This varnish is for the purpose of 
protecting the skin and the tissues in contact with the needle from 
the chemical action which, without this precaution, would take place 
along the whole length of the needle, and would cause the formation 
of eschars, which might often be very dangerous. Buij has proposed 
to enamel with glass the protected portion of the needles. 

To insert and to draw out the needles we use the instruments which 
Dujardin-Beaumetz has had constructed for the electrolytic treatment 
of aneurisms. By means of the needle-plunger (Fig. 102) the needle 
can be thrust rapidly and by a single motion to the desired depth. 
The needle-retractor (Fig. 103), constructed ou the model of the 
perfected corkscrew, enables the operator to avoid all the accidents 
to which he had l>een exposed after positive cauterizations when he 
used the forceps. The instrument takes its bearing from the skin 
about the needle, and the latter, being gripped in a nut provided 
with a screw-thread, is withdrawn without effort or without oscilla- 
tions, and follows the same direction that it had when entering the 
tumors. 

The needles should be connected with the battery by means of 
very light and slender rheophore- wires, which end in a small serre- 
fine that is fastened upon the free end of the needle. 

When it is simply a quest iou of destroying a superficial tumor, a 
naevus, for instance, or of performing epilation, the destruction of 
chalazia, etc., the needle is simply placed in a needle-holder, and can 
thus be manipulated with precision (Fig. 104). 

In the region of the face the preceding arrangement must be 
modified, on account of the deviation effects that may be produced. 



Fir;. 105. 





Experiments by Boudet de Paris have shown to his satisfaction that 
the dangerous zone has for its lower limit a circular line passing 
along the level of the mastoid processes and the alte of the nose. 
The cheek, nose, eye, temple, and forehead are comprised within 

26 



402 



PHYSICAL A.Mi \ATfIiAL Til FT! APE I 'TICS. 



this zone. For tumor* situated in this region, all accidents rua_ 
be avoided by making use of the concentric electrode of Boudet de 
Paris, with which we have already become acquainted. In tbf 
present instance the carbon plug m replaced by a needle (Fig. 105). 

Wc may operate in this way upon ntevi, setaceous cysts, ant 
chalazia. For erectile tnmora we may make use of a plate, pierce 
in the centre with quite a large orifice, lodging several needles. 

Strictures of the urethra, which have been successfully treated h 
electrolysis (Tripier, Malic/, Jardin, Fort), require th. 
special urethrotome (Jardin's urethrotome). It is an ordinal 
urethrotome in which the blunt knife is connected with the negntii 
jx)le of a battery. 

The treatment of hypertrophy of the tonsils is performed i 
means of a special electrode, which we also owe to Boudet de Pari 
The gland is transfixed with a positive needle, and is surrounded 1 
a negative metal ring. 

Tubular cauterization is performed with a trocar of vary in 
length and diameter. The instrument may be of steel, gold, o 
platinum. In spite of the disadvantages that steel has when wc 
make a positive cauterization (which is not the one ordinarily mod] 
the steel trocar has the advantage of being sharper and of makin 
a better puncture. 

Numerous electrodes are used in gynecological practice. 

The electrode to be preferred is the platinum hystcroiucter ■ 
Apostoli. (Fig. 106.) It ends at one extremity in a rounded and 
polished surface, like au ordinary hysterometer, and at tin other 





extremity in a trocar, so that the same instrument may serve for 
surface cauterization and tubular cauterization. A part of iis ahanl 
is enclosed in a celluloid insulator. 

In a certain number of cases preference is given to tfae aarboi 
electrodes of Apostoli or of Brivois, which are used to perform 
intra- uterine cauterizations. The ordinary carbon electrode measure 
2 centimetres in length, and is of variable thickness iu accordant 
with the varying dimensions of the uterine cavity. It is mounted 
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011 a long nipper handle, covered with a caoutchouc or <vlluloid 
insulator. Divisions every 2 centimetres, representing the length of 
the carbon attachment, are marked on the handle by notches visible 
to the eye and appreciable to the touch, so that when withdrawing 
this electrode from the fundus of the uterine cavity in order to carry 
it to another part that has to lie cauterized we can estimate the 
amount of displacement. The length of the carbon may be in- 
creased according to the indications to be fulfilled (Fig. 107). 

The number of affections treated by means of the chemical gal- 
van o-caiitery is considerable. To those which have already been 
mentioned may be added goitre, stricture of the lachrymal pas- 




sages, abscesses occurring in ganglions and in the labia roajora and 
about the margin of the anus, various kinds of cysts, both cutaneous 
and deep, liponiata, fibrous tumors, etc 

[for details concerning these operations the reader is referred to 
BpeeUl treatises. 

The author desires, before closing, to speak of gal vano-t bennies, 
confining himself to staling its principles and to showing the ordinary 
outfit for it, 

The name of electric cautery or of galvano-cautcrv ia given Is U 
instrument in which calorific energy is derived from the galvanic 
current. We owe its introduction into surgery to .1. hfanhflli p 
Nelatou, Milteldorf, and the younger Amussat. 

At the time when the voltaic 1 1 icr mo-cautery was devised it formed 
i OOWideTHble step in advance, although the importance of the latter 
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has been diminished by the discovery of the Paquelin cautery, 
this latter lias not completely dethroned it, for the electric c 
lends itself to special uses and posaesseB peculiar prop ■ 

To apply the voltaic thermo-eautery it is necessary to use 
source of electricity the quantity batterita trUeh have been previoi 
described. At present a correal furnished by accumulators is g 
ally made nae of. 

As it is necessary that ilo- temperature of the active part of ti 
cautery should admit of being varied at will, the intensity of t 
current should be regulated by means of ■ rheostat The 
resistance being hert very low, small variations in . ' 
introduced artificially into tlie circuit suffice i<> produce a very apt, 
liable variation of the iotensity of the current Hence, ire maj 
a very simple rheostat, such as that of theTrouva polyscope, n 
plied with German-silver spiral wire, the length of which can I 
varied. We may also use as a rheostat a test- tube, containing rut 
ciiry. The current, for example, may enter in the lower part ot ti 
mercury column and make its exit through an iron shank which a 
be slid into the stopper closing the tube. 

The ordinary form of gal va no-cautery comprises an itisulatii 
handle(Fig. IDS); a conducting portion, formed ofsbanksofgilt hi* 
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having a large sectional area and consequently a resistance which 
lie ignored, and the cautery-point proper. The shanks traverse 
insulating handle. They may consist of a single piece or of i I 
screwed or attached to one another. In the interior of the hi 
one of the shanks is formed of two portions, which are so para 
from each other when the current is not passing. Contact a 
lished by means of a button at the moment when the i natron 
is set iu action. There is a l«olt which can keep tbe circuit clos 
when the operation is to last sonic time. 

The cautery point proper may have an infinity of forma. In 
cases it is made of platinum. It ia sometimes a Battened 
vanic knife), sometimes a platinum wire of small sectU 
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which may be given any shape that may be wished. This may be 
wound in the form of a loop when it is intended to divide the pedicle 
of certain tumors; it is given the shape of a more or less blunt point 
when it lias lo jtenetrnte in a narrow passage, ete. (Fig. 109). 



Sometimes it is necessary to vary the length of the loop daring 
the operation. This loop then forms pari of i long platinum wire, 
whose ends are coiled about a windlass, or, lx'tter still, are attached 
to movable pieces, which the operator can readily slide from dm 
place to another and stop when he wishes (Fig. 110). 




Most authors advise keeping the temperature of the cautery -point 
at a dull-red heat during the course of the operation. Ouimns has 
called attention to the fact that when the temperature is too high the 
point cuts like a bistoury, a circumstance which prevents the latter 
from acting with the Blownesfl necessary to secure coagulation of the 
blood. Hence, for operations which are performed upon piit1i.<l>>-i- 
"f ipiite large size, the necessity of beiug able to vary the 
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intensity of the current by means of the rheostat during the < 
of the operation itself should be remembered. The operator v 
well, therefore, in order to guide himself, to try the cautery -point ti 
upon a piece of meat having the thickness of the tissues that he 1 
to go through, and to observe the various resistances that are to 
got by means of the rheostat when the section is made under gi 
conditions. 



(ialvanu-thermv presents weighty advantages. It enables ne 
introduce and to withdraw the cautery-point when cold, and cil! 
to keep the point at the same temperature during the whole opei 




tion, or, on ttie other hand, to vary the temperature at will. 
brings iuto play an instrument to which any shape can be given,* 
which is hence adapted to all kinds of uses. Finally, the galvaii 
cautery point loses but little heat by radiation, and when it hflS ■■ 
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form of a loop it possesses at once the advantages of a cautery iron 
and of a linear ecraseur. 

The applications of the galvano-cautery in cavities necessitate the 
use of illuminating apparatus, in which case the light may be derived 
from the luminous effects of electricity. 

Any practitioner having in his office the necessary outfit for vol- 
taic galvano-cautery may at the same time run the illuminating 
apparatus of which he may stand in need. 

Fig. 118. 




It is only necessary to speak of the various models of incan- 
descent lamps. Here is one (Fig. Ill) fitted to a laryngoscope. 
Another forms the principal part of an instrument designed under 
the name of photophore by Helot and Trouv6 ; this apparatus may 
be attached to the forehead of the operator like a little light-house, 
the rays of light from which can be directed upon the point which it 
is desired to illuminate (Figs. 112 and 118). 

[Very useful head-lamps, to be attached to the storage battery or 
galvanic battery, can now be obtained from most of the manufac- 
turers of electrical apparatus in this country. Many of them are, 
however, very expensive. A very useful chloride of silver battery, 
designed for the purpose of supplying light for a small hand-lamp, 
is the Dow portable battery. — Ed.] 
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ACCUMULATORS, or storage batteries, 245 
description of, 246 
Action, electrotonic. 327 
Adirondacks, advantages of their climate, 78 
Aerial currents, 42, 43 

conditions producing, 43 
Aerotherapy, 17 

methods of, superior to altitude, 17 

Williams's monograph upon, 72 
Aerotberapeutic methods. 8ee aerotherapy, 
pneumotherapy, inspiration of com- 
pressed and expiration into rarefied air. 

therapeutic application of, 86 
Affusions, 114. See hot and cold affusions. 

administration of, 114 

general and local, 114 

generally painful, 115 

African desert, 72 ; stations, 68 

Agents, thermic, 81. See thermic agents. 

Aigle. 70 

Air. See atmosphere; use as a therapeutic 

agent, 97 ; douche of Dupout, 98 

Air-baths, dry, 124 .- hot. 83 

Aix-lea-Bains, 155 

Ajaccio, 57, 58 

Alasslo, 60 
Alet (Aude), 181 

Alexandria, 60 

Algiers, 57 

Alicante, 60 

Alkaline cachexia of Trousseau, 177 

Allevard, 141, 153, 160 

Alps (French, Bavarian, and Tyrolese), 71 

Alternating currents, Volta's, 360 

douche. 126 ; effects of, 126 

Altitude, 17, 41 ; an important factor of climate, 

17,41 
Amalfl, 60 

Amalgamated zinc of Kemp, 236 
Ameliele- Bains, 69; inhalation of hydrogen 

sulphide at, 141 
American climatic treatment, 74 
mineral waters, 206 

skeleton analysis of, 211 
Ampere, 224 ; milli, 224 
Anelectrotonus, 328 
Animal electrogenesis, 295 
Annuaire des Eaux Minerales de la France, 

151 
Anode, 234 
Anorexia, persistent, an indication for leaving 

a high altitude. 65 
Antibes, 60, 61 

Antiphlogistic influence of compressed air, 36 
Anti-trade winds, 42 
Apostoli, platinum hysterometer of, 402 



Appalachian Mountains, springs in relation 
with, 206 

Apparatus. Chardin's, 242 
Cohen's portable, 32 
for compressed air, 26 

Apennines, 71 

Application of electricity to the body, 302 

Applications made with confervaceous algee, 
189 

Arcachon, 57, 58 ; owes its climate to the Gulf 
Stream, 58 

Arequipa. 68 

Artificial muscular fibres of d' Arsonval, 800 

Arsenical waters, 204 

Asheville, 78 ; climate of, 79 

Asiatic stations, 68 

Aspiration, humage, suction, 145 

Assam, the rainiest spot on earth. 75 

Atlantic Ocean, temperature of water in, 168 

Atmosphere, 47 ; ammonia in, 50 ; at sea. 62 ; 
composition of, 47 ; dry and moist. 48 ; elec- 
tricity in, 47, 55 ; evaporating power of, 49 ; 
foreign particles in, 50 ; purity ol, 51 ; re- 
newal of, 51 ; saline particles in, 50 ; solid 
particles in, 51 

Atmospheric pressure as a therapeutic agent, 
17 

Atomixation of mineral waters, 145 ; origin of, 
at Lamotte-les-Balns, 145 

Auditory nerve, stimulation of. 841 ; Brenner's 
observations upon, 341 

Aura, electric, 359 

Avdne, baths at, 195 

Axenstein, 71 

" Axo " battery, the best American cell for 
medical use, 253 

Azores, 56 



BAGNERE&-DB-LUCHON, 135 
Balarne, 164 

Balearean Islands, 60 

Balkan Peninsula, 57 

Ballston, springs at, 211 

Balneotherapy, 81 

Baltic, temperature of the water in, 168 

Baths, 116. See hot and cold baths. Cold 
(graduated, half; of Brand method). 116 ; 
carbonated, 136 ; compressed air, 17 ; dry air, 
124 ; electric, 357 ; ferruginous, 186 ; half, 117 ; 
hot air, 122 : indifferent, tepid, or temperate. 
120 ; mineral, 135 ; mud, 188 ; pool. 117 ; Rus- 
sian, 126 ; salt, 135 ; sand, 169 ; sea, 169 ; sitz ; 
111 ; Turkish, Moorish, or Roman, 127 ; va- 
por, 120 

Baths in saline water, effects of, 165 
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1 1 AIFFE, galvanometer of, 267 ; modification 

' T of Wimshurst's machine by, 230; switch of, 
288 ; Tray battery, 242 

Galante, spirometer of, 19 

Galvanic battery, 222, 285 ; causes for irregular 
action in the, 236 ; necessary qualities of, for 
practice, 285 

Galvanic cells, 233 ; principles of, 233, 234 

Galvanic cautery, 408 I 

Galvanic electricity or galvanism, 233 ; action 
of, upon muscles. 225; upon nerves, 326; 
action of, in fatigue, 329 ; enect of, upon nu- 
trition, 331 ; labile, 318; methods of apply- 
ing in medicine, 363 ; physiological effects 
of, 318, 325; physico-chemical phenomena 
produced by. 318 ; superiority of, in medi- 
cine, 372 ; vesicant effects of, 324 

Galvanization. 360; continuous, 305; inter- 
rupted, 3(4; labile, 368; paracentral or cen- 
tral, 3»l ; variations in resistance during, 308 

Galvanometers, 231, 266 ; ballistic, 286 ; Despres 
and d'Arsonval's, 267, 269; Gaifte's. 267 

Galvano-thermics, 403; presents weighty ad- 
vantages, 40t> 

Gartner, experiments of, upon the cadaver, 
309 

Gaseous acidulated waters, 196 ; artificial. 197 ; 
baths in, 197 ; elements in, 196 ; physiologi- 
cal effect* of, 196 ; table of, 197 

Gaseous substances, diathermous, 52 

Gasometer, Waldenburg's, 27 

Genoa, 110 

Georgia, springs of, 207 

Geographical selection, 41 

Glengariff, 60 

Glen wood Springs (Canada), 209 

Goosetlesh, 89 

Giirbersdorf, 70 ; sanitarium at, 70 ; season at, 
70 

Gradiswerke, 140 

Grange, 6o 

Grape cure at Vevey, 69 ; at Montreux, <ft 

Grasse, 69 

Green Brier White Sulphur Springs, 211 

Grenet or bottle cell, 243 

Greoulx, 69 

Gries, 70 

Groedel, 101 

Grotbus, theory of, 821 

Gulf Stream, 48 ; influences exerted by the, 
upon the climate of Arcachon, Biarritz, Wes- 
tern Ireland, and England, 59 

Gurnigel, 155 

Gymnastics, pulmonary. See inspiration of 
compressed and expiration into rarefied air, j 
26 

HAEMOGLOBIN, influence of sunlight upon, 
58 
Haemostatic value of hot applications, 104 
Hammam-Meskontine, 183 
thermal springs at, 133 
arsenic in the, 138 
Hasting*, 170 
Hathorn Spring, 210 
Headlamps, 407 

Heart muscle, Von Ziemssen's study of its re- 
action to electric stimuli, 843 



Heat dyspnoea, 102 

Heat, radiant, 51. See solar heat. 

Heilbrun. 163 

Herzen, 84 

Heustrich, 70, 155 

High Rock Spring, 210 

Hilly regions, 44 ; temperature in, 44 ; abrupt 
changes of temperature in, 45 

Himalayas, the, 69 

Hohenstadt, 155 

Hontalade Spring at Saint Sauveur, 160 

Hot applications, 99; action of, upon the 
nerves and vessels, 99, 100 ; crossed effect in 
applying locally, 99 ; effects of, 104 ; haemo- 
static value of, 104 ; syncope produced by 
prolonged, 100 

Hot baths, temperature of, 83, 104. See baths. 

Hot douche, 118 

Hot (dry and wet) packs, 118 

Hot water, 118 

Hot Springs, of Arkansas. 207 
of South Dakota, 209 

Hull, 170 

Uumage, aspiration, suction, 145 

Human body, resistance offered to currents 
by, 806 

Humidity, absolute and relative, 48 ; influence 
of, on the functions of the skin, 49 ; influ- 
of, upon nutrition. 50 ; of the air in forests, 
46; of the atmosphere, 48; relation of, to 
climate, 48 

Hydrogen sulphide, 141 ; baths of, 141 ; inhala- 
tion of, 141 ; poisonous properties of, 156 

Hydrotherapy, 81; contraindications for, 96; 
therapeutic effects of (stimulative, sedative, 
and revulsive), 129 

Hydrotherapeutic reaction, 88 

Hydrotherapeutic regimen, 128 

Hydrotherapeutic measures, 107 : clinical ap- 
plications of, 128 ; collapse under the use of, 
108; conditions in which they may be em- 
ployed advantageously, 107; precautions to 
be observed with, 107; simple and com- 
I*>und, 107 

Uyeres, 60, 61 

Hypoglossal nerve, stimulation of, 880 

Hystcrometer of Apostoli, 402 

ICE-BAGS. 97 ; vaginal, etc, 97 

1 Ice-cradle, 98 

Idaho Springs. 76 

Incandescent lamps, 407 

Indeterminate waters, 191 ; composition of, 
191 ; physiological effects of, 192 ; results 
with, are often due to peculiar treatments, 
192; simple, simple thermal, and gaseous 
acidulates, 191; table of. 192, 193; thera- 
peutic uses of, 193 

Indiana, springs of, 207 

Indifferent zone, 328 

Induced contraction. 297 

Induction. See induction or induced cur- 
rents, 226. 275 

Induction apparatus, schematic plan of, 281 ; 
kinds of, 286 

Induction or induced currents, 277 ; associa- 
tion of, with galvanic currents, 294 ; break- 
ing, are most important, 2M5; closing or in- 




i. outls, primari and seondarY. for, 
■BH | colli lo be dnwu for. W4 ; intensity of, . 
IB] intra. 27s ; of tint and wound ortler, 
278; opening or direct, IM( physical pbe- 
i produced by, 2S2 ; properties of, 
■m . reaction of rierrw to. M3 ; mmly of, 



277: 

I,:. 1, 1,1 



„ I ■ H . ■ ■ I . ■ - 



mn» 



Lake of 

Lakevrood, New Jersey, T» 
Lamps, inc 
langenbrucken, IM 

1, drained and nndraJoed, W ; post ■. 
art, 17 



Inspiration of coruprcasod air. SoeeomprciBed 

Inspirit linn of tAkpMaakl "I'd eiplnllon lnlo 
wrefledatr. 26: alternating m*tln«l fur.Ki; 
ci.rl.m ■!ii:\Mi i'li nil unit. i] ilnniiK :!.". ; c In ■ lu- 
teal action produced by, '$•; iiiti-rinlit«nt 
method for, 35: mechanical effect of, M; 
oxygen absorbed during, it". , should always 
lw Mi|jerrl*ed mod tea II y, X, 

Inspiratory forte. See forces, !S0. 

lri-iiliilti:K stool SMI 

Internal faradljatlan. 318 

Interrupted galvanisation. KM 

I nU mi pier, Tmuv*'s cloc II- work, 2K7 

Intestinal ihllnUu iBnurtel de Parlsl. 388 

Intestinal reaction to electric stimuli, MS 

Intrri-thuraclc pri'Hiirv. Increased, OffOMi IS 
obstacle to tUe circulation, 113 

Iodo-bromirte waters, MB 

Irrigated nil, IS 

Mki Island of, 90 

lsohl. 140 



lavage water. ISO 

law or contractions i ranger's \ :i 

Le Crolrie, 17D 

Leg douche. IIS 

l.eiib. 169 

LecUnoh* cell. 2« i rnfldlnoUinu 

Leiik. 70, 1W 

U'-iu'i law. 280 

Le Vernot, *», HI 

l*yden jar, description of. 282 



IJndsley. ffil 
Line*, isobnric. 54 
isothermal. 41 
Lippmann's electromeH 






i^.lge. hypothesis of, 217 
l^ombard. <V5 
Londonderry 11' 
Los Angeles, O 
Loetorf, IIS 






JACCOUD, 
Janiln. i 
Joule. 325 



KACZAHOWKK I , y; 
Kauaurow, 100 



Magnet* 'uct an solenoids, 179 
MNKiu^iiim < Bedford! Springs. 211> 
Maine, mineral springs of, 506 
' Malaga. SO, 61 
Malan.il pstMIMlB swampy lands, 17 
Haloja, H 



KoldlU, Oertel'a study of t 

■cm 

Knmlwrg, 70 
Kieimiach, US 






M.rcy'f lau. vnepiion 10,87 
Marienbad. 142 

' i Marlloi. 1U0 
Marseilles. 170 
Marlins, observations of. 44 
Massey- Returning current controller, 23* 
Manry's description of Turkish baths. 1117 

M.nii i Ihlv temperature, 41 

M.-li™i balletic*. 217, 2»: beat (Gain'*. Cb 
' din's, blsulphale, i allaud-TrmtTCf. '■*■ 
"Aio">, 258; complete, 5i" 
Medical Blectrorjlig, 398 
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Medical magneto-machines, 291 ; (Clarke's, j 
291 ; Page's, 292 ; d'Arsonval's, 293) \ 

Medicated inspired air, 36 

Mediterranean, 60; temperature of the water 
of the, 168 I 

Mehadia. 155 

Meinberg, 142 

Mentone, 60, 62 

Meran, 70 ; grape cure at, 70 

Mermod. 65 

Metronome, the, 366 ; electrodes in. 366 

Metallic taste, due to galvanization, 812 

Michigan, springs of, 203 

Mien. 185 

Miguel's method for determining foreign par- 
ticles in the air, 51 

MiUiamptre, 224 

Mineral baths, 135; effects of, 135, 136; gases 
and volatile substances absorbed in taking, 
136 ; influence the body through the nervous 
system, 137 ; peculiar action of, 135 ; physi- 
cal and chemical properties of, 137 ; salt, 
135 ; thermic fever, produced by, 187 

Mineral springs, emergence of, 132 ; selection 
of, 131 ; temperature of, in the Pyrenees, 133 ; ! 
(Carrere and Le Grand) 

Mineral waters, 131 ; acids in, 131 ; American, 
206 ; analysis of. real and hypothetic, 13 ; 
atomization of, 145 ; bases in, 182 ; classifica- 
tion of (Author's and Durand- Fardel's), 131, 
132 ; definitions of, 131 ; doses of. 150 ; effect , 
of douches with, 139 ; electric conditions of, < 
134 ; empiricism in the use of, 135 ; external 
use of, 135 ; gases in, 133 ; history of the use ' 
of, 131 ; bumage of, 145 ; internal use of, 135 
(effects produced by. 146) ; inhalation of va- 
pors of„139 ; mixed or complex, 152 ; physio- 
logical and therapeutic use of, 135 ; rarer sub- 
stances in, 133 ; relatively simple, 162 softness 
and hardness of, 137 ; unctuosity of, 184, 137 

Missouri, springs of, 208 

Mistral. 44 

MlUledorf, 403 

Mixed complex waters, 198 

Mixed sulphate waters, 201 ; effects of, 202 ; 
therapeutic employment of, 202 

Moist battery, 239 

Moist packs, 115 ; at Priessnitx, 115 

Monaco, 62 

Monnetier, 70 

Mont Blanc. 70 

Mont Dore, 133, 140 ; inhalation of vapors at, 140 

Monte Carlo. 62 

Montreux, 69 ; grape cure at, 69 

Moorish baths. See Turkish, 126 

Mornex. 70 

Mother liquids. 162 

Mountain breezes, 43 ; origin of, 43 

Mountain climates, 64 ; characters of, 64 , in- 
fluence of, upon the system, 65 ; early and 
late effects of, 65 

Mountain stations, characterized by great in- 
tensity of radiant beat and light, 58, 64 ; 
summer, 70 ; winter, 06 

Mountains, at barriers to winds, 45 

Mud-baths, effects c< 118 ; stations ft* admin. 
fc*erii*,l»; stimulation of '»" 



Mud springs, 75 ; mineral and vegetable, 135 

Muller, discussion of density by. 364 

Multiple arc, 258 

Mu9de», action of continuous currents upon, 
325 ; excitation of, by induced currents, 844 ; 
law governing excitation of, 388 ; oxidation 
in, during application of cold, 92; stimula- 
tion of arm, trunk, and leg, 883 ; tabular 
results from unipolar excitation of, 389; 
tetanized with galvanic currents, 827 

Mustapha Suplrieur, 57 

NAPLES. 170 ; Bay of. 60 

i* Nasse, 97 

Nauheim. 142 

Needles for deep electrolysis, 401 

Needle-holder and retractor of Dojardin-Beau- 
metz, 401 

Neef vibrator, 287 

Negative pole, bases set free at the, 319 

Neris, 135. 136 

Nerves, action of continuous currents upon. 
326 

Neuralgic points, 375 

Neurility, or nervous force, 302 

Neuro-muscular excitability, 295 

Newcastle, 170 

New Hampshire, springs of, 206 

New York, mineral springs in, 207 * 

New Zealand, 57 

Neyrax, 175 

Nice, 60, 62 

Niederbronn, 172 

Nitrogen, 144 ; derivation of, 144 ; In the blood. 
144 ; medicinal properties of, 144 ; physiologi- 
cal properties, 144; studies with, 144; sys- 
temic effects of, 145 

Nitrogen excreted, influence of compressed 
air upon the amount of, 24 

Nitrogenized waters, 205 

Nobili, magnetic needles of, 267 

Nocturnal variations in temperature, 41 

North Carolina, spring of, 207 

North Sea, temperature of the water in, 16m 







in- 1 



AK ORCHARD SPRING. 209 
Oersted's experiment, 266 

Ohm, 224 

Ohm's law, 247 

Olette, 160 

Olfactory nerve, reaction of, to galvanism, 341 

Orange Free &**te, 68 

Oriole, 181 

Ortono, 17o 

Ostend in Belgium, 169 

Oxygen absorbed, 65; altitude affects the 
amount of, indirectly, 65; during the appli- 
cation of pneumo-therapy, 35 ; nutritive pro- 
cesses govern the amount of, 65 

Oxygen in the atmosphere, 47 

Ozone in the atmosphere, 47; influence of. 
upon sleep, 48 

UACKS, 118; various forms of, 119: See hot 
I and cold packs. 

magneto-machine, 292 
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Parln, climate f.f. IV 
Parses, H 
ramnihu oltmates, * 



produced by, xi : vital (apacily increased 1 
Reatlir-P. bydrolherapeuthn. SB 



springs. OTJ 


Resorut, summer mountain. See stations,' 


Puoianw. .'« 


Respiratory innvemeiiu, Ml 


IVrinol douche, i\i 


Revulsive disk: (Bolide! de Paris). 371 


Pesaro, US 


Ke sill « Ives. study ol, 110 


Phuaplieiini ckumkI by clecliijallim gcu (lie 


Rheopborcs. 23J 




Rheoj.hore plates, 230 


1'bniophore "F Uelol aud Trour*. i»' 


KheoaUt) u rebalance isdli. 272 i i>»laVs in 


Phrenic nerve. *Utnuuulon of, MS 


ical.272: indispensable In applying cnn» 


1'ifirtfi.udt. 160, 1S4 


to the bead, 273 : llquttl. '2TR 

itklilleld springs, 112 


Ptsr.. 73 


Plain, climate of the, T2 : dry and hoi, 72; 


Rimini. 17U 


iiinn and tuoist, 73 


Riviera, Levauline. r.i 




dl Ponente. 00 


1 -la IIP wlioti, 76 
Plotnbl*!*-. 1*1 


Riihric snd /.unu'i riprnt ■wnii mih 


Pluviometer*, 111 


baths, HI 


Plymouth, 170 


Banal Lathi .Seeliirfcish, tU 


PnaTrmlH oiumiljw, W 


Rome, 73 




Rostravor. «) 


P nemo-therapy, Cohen's ap|»ntlus lor, 'it 


Roibomj, HJ 


PneumoiiiniKier, an; descrlpilim of. ai, VI: 


Hoyat, 1*0. 1« 


errors In tbe use of. 21 1 Marshal's. 20 


lilililuti.tlf eull, xa 


I'nggendoiT, blobroinate of potassium, cells of. 


It unsbi ii baths, VM 


Points, neuralgic, STft 




rolatnl wsier, 212 


^AIDSCHUTZ water. IN 
'J Salcombe. «0 


Polar Mitnulaiion. HT2 


I'olytcope (Trouvt). 41H 


Silu:-'h'llearn, 16* 




Salines. 1H 




tiaillug vessel:! preferable for nwdiciual i 


Popischll, W 


vi. iiit'-. '■.' 


Ponnblc apparatus, 20: construction of, W; 


Saint Aoiaud. 13» 


diagrams of. 21). 30 ; eflbcls 11 should enable 


Uervaia, lull 


us to produce, LI! ; S. Soils-Cohen 'a. the best 


Houore, !&.'• 






1 Virtue-ale Us. 67 


Romaln-le-Poy, 175 


Porto Malirudo, 170 


Sauvcur de Montagut, 17,'. 


1-cnltive pole, organic add accumulate* at the, 






Saline particles in sea-air, 50 1 tonic eaw.u 


Potential, 23); definition ol, 220: differences 




la the, 221 


Sail or sen air. HO ; a! German and Au*n 


Pullua water. 1« 


resorts. InhalaUon of, 1W: effeeU from 


I'ulmoUKr.v gymnastics Wi Sii; apparatus fur 




(he appltcallon of. Si ; history of, 2fi, 27 


Salt hatha, effects of. 135 


Pyrenees, 71; MHllum. sulphide spring* in the, 


Ssuiinrta at Bournemouth. 60: Oiniguu, 




FslLeiislein, 70; Oorbersdorf. 70 : Leysio. 




Mori U, 68 



I tCA.NTITY, 222 
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San Diego, 7B 
Recno, 62 
Santa Fe de Bogota, Bo 
Ban tauder , 87 

Saratoga, laxative waters of, : 
Scheveulngen, 1GB 
Schiurnach, springs at, l.Vi 
Schwann, researches of. Si 
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Sdlli Islands, rm 


Springs. Colorado, 76 ; M»ho, 7fi : Manltoa, 76; 


Scottish 'louche, lis 


mineral, see mineral springs: mud. 134; 


Sea, the. It* Influence upon climate. 11 


thermal, at French mountain resort*. 6B 






If*. factors Involved hi treatment with, 168 


St. Bealcnberg.n 


Seashore, 43 , winds uear, U 


St. Oervais, 70 


Seaside resorts. 1«9 


St. Joan de Lui, 170 




St. Mali). 170 


Sea-voyages. 62 ; effects of, B | favorite, 6:1 | for 


at itontK n 


Elimpeaua. Ill . long. 6:1 . IVI.-r. iiiv,~tlK<itii.li^ 


St. Sebastian. ',1 


of ihc effect* of. tl; sailing vessel better for, 


BUohiUmg, us . 


A2; snivrlorltj of, over iwazbore residence, 


Statin currents, orients produced by, SAO 


■ 


Static electricity. £i'> ; see -tailc elcclriaition 


Sea water, 167: bread made with, IflB; com- 


experiment showing it * effect upon vegeta- 


pnalliiin if. 167 , sodium chloride In. 167; 


tion (S|iechnow), 306 


sulphate of magnesium In. IG7 ; temperature 


Sialic electrlaatl'iii, 302 , phenomena observed 


of. 168 


during. 90S; sittings under the employment 


■wcreiiirs nerves, ticltatlon of, 312 






Sialic machines, SS, S» I prorierUes of, SI 


Msaflop. geographical. 47 


Stmlons. See special climates. Maritime. ,'■« : 


Bensory nerve-. Influence of Indui-ed BORMItl 




ii|-. ii. ■»:,: - ulatmii of, ;ie« 


mountains, 70: summer, of the temperate 


S.nii»!/i- iMh.-iii'i, M 


tone. .>4 : winter, of Iho mountain*, flfl; win- 


Srslrl-l.evatue, 110 


ter, of the tropica, 64 


-imigi.-Jll 


Stimulation, characteristic (d' Arson val's). 357 


sheet, wet, 114 


stimiil n.f Homicide Paris, 3S1 


Elemen'ii and Balke'« modification of the 


Stool, Insula ling, 34fl 


Daniel 1 cell, 210; vibrator, 2S7 


Storage naileries or accumnlaion, 2*A ; de- 




scription of, 261 , mechanism .,f, 24J 


S|nii.-.|.l,il cHrrTiil-. 164 


Subaural gal vaniiaUon(deWatlevllhs). or gal- 




vanization applied to (he neck, an 


Blrooco. the. 44 : In Algiers. 67 


methods of applying, 378 


SI I* bath, 111 


Substitution r.. .. : SOT 


Chun as a reflecting lurface, ID ; effect! of, .'si 


■iitriiuii, aspiration, tiumago. 144 


Sodeii, n 


Sudatorium. 147 


Svli blotto*] '[.rings, HI 


Sulphate millers, 1K3; magnesium and sodium, 


Sodium Nearbuiiate waters. 173; phy sin logical 


1st ; pure, 1*4 : purgative, 184 ; Cable of. 


efffcct* of, 175 ; strong and weak, 174 , table 


M 


of, !7t , therapeutic tutu of. 178 


Sulphate waters, mlied. 2U1 ; constituents of, 


Sodium ublurtdc ..r saline waters, HI: chief 


3)1 i table of, 101 


(feeble and strung), 163; classes or. IfiJ ; so- 


Sulphated chloride w.iun, V-f, table of, WS ; 


dium i blonde in. 161: other principles In, 


Ihernpeulle use of. 198 


182: lable of, 163. temperature of. 161 , thera- 


Si ii (.ii in springs In America, a» 


peutic effect* of. \<H ; use* of, 170, warm 


Sulphur water*, HB ; or sulphide water*, IAS 


and cold, l«3 


alkaline. 1S7 


Sodium sulphide springs In the Pyrenees. 163 


alomliatlon of, 146 


Sodium sulphide waters. 163, composition of, 


classification of, jas 


IfJ 


effects of, 116 


Soil, U ; absorbing power of, i:> ; conRgurallon 


livdrogen sulphide In, 1&S 


■nil enuinraition of. It ; Influence of, upon 


table or. 1U 


leu |w rat tire, 15: liiHtiencc of vegetation 


iherai-eullcuM*of, I.W 


nfoa H irrigated, i:> 


BOlpbatCtM thloride and chl.iridt I 


Solar beat, SI i not to be confounded with at- 


ettod waters, r.« 


■onaplierjc warmth . ■'■-■ i i:\-;,-i ■■ 


Summer resort* of the mounialru, 70 




In the Alps, 70 


Solstice. 40 : summer and wlnier. I" 








Sound, cold, 87 : tiuyon's ei pi or* lory, W ; 


abrupt clmngu) from, to (bade, 03 




benellclal effect* of, :<1 




deleterious to micro-urfanlnus, M 


?l«rk- and friction, 3W 


Influences eierted by. upon chlnrophvll 


Special wind*, 44 


and li.i mogli.bin fci 






gpMss*. 110 


63 


Spina] accessory nerve, slim ulmiu.ri of, 880 


Superior and Inferior circuits. WO 


Cold, action of galvanic current* upon, 330 


Superiority of "curaisillii," 100 


Spiral o.lli, t»7 


Supra-clavicular fossa, stimulation nf IM 


BpUMMMl (QaUtlta), 10 


nerves In. 360 
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8ur&ce tension, experiment* t* 'ppf ""'I 


Trade winds, Rally's explanation of. 42 


npOB,N 


bsStMDM "f. njiill riliu.lr H 




Traubcnberg, 97 




Transvaal. *S 


malarial poison* lu, 47 


Trejus. 170 


Sweat centre* mid flbrea, 102 


Trend n-Tcpllti, IBS 


Switches, double and single. 254 


Trepnrt, 170 


advantages of the double, 256 


Tri pier's apparatus with tuperUnpaaed eMI 


tisiflVs. 2d.'. 




Swltnerland. on 


Tmuvt. clock-work Inienuiifer of, 2*7 


remit* in, 09 


Inversion battery of, 242 


9yd mouth. 60 


modifications of the Hanlell cell by. 


BjneoM, H 


m 

pbotopborc of Helot and. 407 
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1 TelgurnioiilU. M 
Teni|>emte beiba. 92. 12u 

nutrition MmlsM Of, I-' 1 - 1 

Temperature— 

altitude, its Influence upon. (1 


poll"** 1 !* of, 404 


Tmuvllle. 170 
li.t.:>l*ri..uterlsatlou, S99,*K 


I'uii lug forks as interrupter*. JS» 
Ttirklah batbs, 126 

diaphoretic lit. 123 

in England. France. Germany, an. 


ollnmtlc eHecu of, upon lb* organism. N 


United States. 127 


diurnal null nocturnal variations in, 41 


Maurin't description , 


extremes of, destroy organimna, SI 
Its relation to latitude, 40 


massage with. 129 
(.lertel's study of, 120 


Tyndall, researches of. si 


mean mnulhly, 41 






1 • S IiEiliVLlFF, HO 

I Unctuoslty of mineral an 


of bslhs, 82. 83 


variations in, 40. 42 


Universal battery. 2i« 


Temperature , bodily— 




ell Blips In. durlug application of cold, 


Ulnar nerve, tabic uf examination! of Hit-, 




Urea, excretion of, when amounts or wi 


Influence of compressed sir upon, 24 


are imbibed. 140 


Teuerinc Inferior to Madeira, M 


Urethra, bladder, and uterus, faradisation 


Tension. 219 . api»r»tns. 222 . batteries, 2J2 




Therapeutic application of Iisjlllh— ■|IWIIfll 


urethrotome (Jardln's), (bi dividing atricta 


methods, 36 


by electrolysis, 402 


Therapeutic results from galvanising nervc- 








Tbennsl springs deiliiUiuii of, in.1 ; si French 


t .u.lNAI. E1.EITP.OHE. Hpoaar ( ApaNaT 




Thermic agents. SI 


Vagus. stimulation of the. 347 


■It and water as representative. »2 


Valencia, 00, ill 


combining different forms of, S3 


Vain, waters of. 175 

Value, relative, of maritime and icoutila 




law wbicb regulates physiological re- 






Vapor hatha, 120 


local and remote efllwts of, 81. 82 


excretion of urea Id, HIS 


secondary [itMDOttMW pndwad by. ■ 


temperature of, 121 


stimulant or tonic effects of, 82 


lime of, 121 


Thermic point, of Bill and Goldsch elder. 84 


weight lost In, 121 


Tbermosenesis. 91 


Vapof doucbo, 122 


nervous apparatus for regulating. 91, 92 


Vapor, watery. See watery vapor. 


Tbomasvllle. Georgia, 79 


Variation method, 332 


Tinfoil condenser, 378 


application of the. In practice. W 


Tissue, conduction of, SIB 


Variations In resistance during galvaiiisuo 


Tlesue-wasie, Its relation to cold, W 




direct and Indirect method of estimat- 


Vasomotor nerves, faradisation of, 147 


ing, ai 


Vegetatluu, 46 


Tongue, application of positive and tic»Uvc 


as an indication of climate, 47 






Torquay, 6B 


Influence or electricity upon, 304 


Torrid *ane, 40 


influence of sunlight upon, 62 


TopUU, (III batha at. 103 


Its influence upon climate. M 


Trade winds, 42 


protects soil from solar rays, 46 




Veul~ *> 68 
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Veraguth's study of the Upper Engadine cli- 
mate, 66 
Vermont, mineral springs of, 206 
Vernet, 69 

Vertigo, results from the application of elec- 
trodes to the neck, 312 
Vesical rheophore, double (Duchenne's), 386 
Vesical sound of Boudet de Paris, 887 
Vevey, 69 

grape cure at, 69 
Viarregio. 170 
Vibrator, Neef, 287 
Vichy. 142 

waters from the district of, 174 
Vienna, climate of, 42 
Vigo, 57 
Villafronca, 60 
Villaneuve, 69 
Virginia, springs of, 207 
Vital capacity, 19 

increased by inspiration of compressed 
air, 33 

influence of air-baths upon, 23 

methods of estimating, 19, 20 
Vittel. 150 
Volt, 224 
Voltaic chemico-cautery (Tripier) or chemical 

galvanc-cautery, 398 
Voltaic thermo-cautery, 404 
Voltameter, 219, 270 

Gaiffe's, 271 
Volta's alternating currents, 360 
Volta-gramme machine, Fontalne-Atgier's, 294 
Volts, useful and lost, 252 
Vol u nanometers, 85 
Von Ziemssen and Immermann, formula of, 

115 
Voyages, sea, 62 

on the Nile, 73 
Vulpian, 102 
Vulvo-uterine electrode (Tripier), 385 



lir ALDENBURG'S gasometer, 27 

' ' Waldequelle, springs of, 156 

Warren de la Rue, battery of, 241 

Gaiffe's modification of the, 241 
Water, hot, use of, 118 
plain, 146 

effects produced by the ingestion of, 

146 
elimination of, 148 

excretion of urea when amounts of, 
are ingested, 49 
sea, 167. 8ee sea-water. 
Waters : 

arsenical, 204 
bicarbonate of soda, 173 

chemical composition of, 174 
calcium, 180 



Waters: 

chalybeate, 185 

gaseous acidulated, 196 

indeterminate, 191 

iodo-bromide, 205 

lavage, 150 

lithia, 205 

mineral. See mineral waters, 181 

mixed complex, 198 

mixed sulphate, 201 

saline, 161 

sulphur, 152 
Watery vapor, 48 

excess of, produces a depressing effect, 49 

in the atmosphere, 48 

prevents radiation of heat, 49 
Watt, 225 

Weber's douche. 146 
Weisenberg, 70 

Weiss, experiments of, 822, 823 
Wet sheet, 114,115 

sedative, tonic, and antipyretic influences 
of, 114 
Wet wrappings, partial, 117 
Weymouth, 170 
Wheatestone's bridge, 307 
White Sulphur Springs, 208 
Wiesen, 67 

climate of, 68 
Wight, Isle of, 60 
Wildegg, 163 
Williams, monograph on serotherapy, 72 

statistics of, 63 
Williamstown, thermal springs at, 207 
Wimshuret machine modified by Gaiffe, 280 

description of the, 230 
Winds, 55 

forests as barriers to, 46 

influences of, 42 

moisture and warmth carried by, 48 

mountains as barriers to, 45 

sea-fihore, 43 

special, 44 

trade and anti-trade, 42 

variations in climate produced by, 55 
Windlass for the thermo-cautery loop, 404 
Winternitz, 87, 101 
Winter resorts, 66 
Winter stations of the mountains, 66 

at great and moderate altitudes, 66 

French, 69 
Wisconsin, springs of, 208 
Wrappings, partial and wet, 117 

YARMOUTH. 170 



ZONE, dangerous, 403 
temperate, 40 
torrid, 40 
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ABSCESS. 

Electrolysis in abscesses in ganglia, or near the 
anas or labia majora, 406 

Electro-chemical method of Gautier in tuber- 
culous abscesses, 397 

ALBUMINURIA. 

Bicarbonate waters when due to indigestion 

or uric acid infarcts. 180 
Hydrotherapy may increase physiological form 

of, 98 
Saint Nectaire waters of signal value when 

due to chronic interstitial nephritis, 201 

AGE. 

Extremes of, contraindicate mountain cli- 
mate, 71 
Sea-voyages contraindlcated in advanced, 63 

ANAEMIA. 

Arsenical waters in grave, 206 

Chalybeate waters in secondary, 191 

Climate of the Riviera in, 61 

Compressed air of doubtful value in, 25 

La Bourboule, 205 

Mountain climate for simple and paludal 

forms, 71 
Sea-baths, cold, not well borne in, 169 
Sunlight in, 53 
Use of the static bath in, 389 

ANAESTHESIA. 

Electricity in the treatment of, 369 
Electric brush to combat cutaneous, 346 

ANEURISM. 

Patients with aortic aneurism may do well at 

moderate levels, 71 
Electrolysis in the treatment of, 401 

ARTHRITIS. 

Electric baths in arthritis deformans, 395 
Electro-chemical method of Gautier in fun- 
gous arthritis, 397 
Galvanic currents of great density in chronic, 
365 

ASTHMA. 

Colorado in, when emphysema is absent and 

the heart is not dilated, 76 
Mountain climate In, 71 
Sea-voyages in dry forms of, 68 
Waters of La Bourboule in, 204 

ATAXIA. 
Polar methods of faradisation in the p*fr* 



ATELECTASIS. 

Compressed air in the atelectasis of bron- 
chitis, 36 

ATHEROMA. 

Compressed air coutraindicated in, 87 
Mountain climate contraindlcated in, 71 

ATONY. 

Waters of Bourbon PArchambault in gastro- 
intestinal. 172 

BASEDOW'S DISEASE. 

(See Exophthalmic Goitre.) 

BRONCHIECTASIS. 

Expiration in rarefied air, contraindicated 
in, 37 

BRONCHITIS. 

Algiers, 58 

Cairo in chronic cases with emphysema, 73 

Colorado contraindicated in, 76 

Compressed air in, 25, 36 

Contraindicated by acute inflammations, 87 

Expiration into rarefied air in chronic, 86 

Humidity of the atmosphere decreases irrita- 
tion of the respiratory mucous membrane, 
74 

Madeira for chronic, 57 

Mountain climate in, 71 

Mustopba 8uperieur, 57 

Riviera for chronic forms of, 61 

Royat and Ems, waters of, for chronic, 201 

CALCUIil. 

Expulsion of, under treatment with calcic 
waters, 183 

CARDIAC DILATATION. 

Colorado contraindlcated except in young 

patients with slight, 76 
Mountain climate contraindicated, 71 
Pneumotherapy of doubtful value in, 71 
Turkish baths contraindicated in. 128 

CATARRHS. 

Cold dry climates predispose to. 50 

Colorado contraindicated in catarrh of the 

stomach or bowels, 77 
Maderia for laryngeal, 57 
Mountain climate In chronic pharyngeal or 

bronchial, 71 

aaaa with dry ooogb, 74 
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DEBILITY. 

Climateof the Riviere, 61 

Mountain climate contralndlcated u 

Persons with, should spend the au 
moderate altitude and tbe wlntt 1 
perate or warm climate, 72 

Be*- voyages contra I lid I rated when 
debility is preterit. S3 

DELIBIUM. 



DEVELOPMENT, RETARDED. 

Mountain climate for children with, and II 

case* of thoracic non -development, 71 

DIABETES 

Amenable to treatment wltb alkaline water 

Cairo in, 73 
Clitti* lo of the ill 
Cold »p pi 1 rations 
. Compreucd sir In 
Mixed sulphate wsl 
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EMPHYSEMA. 



i EPILEPSY. 

Galvanization In the neck In, S78 
Mountain climate contnlndleatad In, 71 

EXHAUSTION. 
| Cairo In exhaustion from overwork, 7S 
EXOPHTHALMIC QOITBB. 
Electric bath In. Baft 

loo severe for patients with Basedow's dl 
ease.SW 
, Gs) van. tatlon In the neck In, 878 
EEVBBB. 
Cold affusions In malignant eruptlTe, 118 
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FIBROMATA. 

Electrolysis, 403 

Kreuznach and Salles, treatment at, exerts a 

powerful influence over uterine fibromata, 

172 

FISTULA. 

Sulphur baths in the treatment of fistulous 

tracts, 161 
Electrolysis for, 899 

OA8TBIC DILATATION. 

8odium bicarbonate the remedy par excellence, 
177 

GASTRIC ULCER AND CANCER. 

Alkaline waters, especially the stronger ones, 
contraindlcated lu, 179 

GASTRITIS AND ENTERITIS. 

Abuse of purgative sulphate waters leads to 

gastritis and apepsla, 185 
Bicarbonate waters, after meals in hyperpeptic 

gastritis, before meals in hypopeptic forms, 

178 
Sodium chloride waters in some forms, 170 
Sulphur baths for, 160 
Waters of Pougues in hypopeptic gastritis, 182 , 

GENITO-UBINARY DISEASES. 

Baths of sodium chloride in, 170 
Calcic waters in, 188 I 

Indeterminate waters in disease of the genito- 
urinary organs, 196 

GOITRE. 

(See Exophthalmic Goitre.) 

Electrolysis in, 408 | 

GOUT. 

Cairo in, 78 

Calcic waters are of value in (Vittel and Con- 1 

trexeville), 88 

Climate of the Riviera in, 60 

Edison's method for dissolving tophi in, 896 

Electric baths in, 895 

Indeterminate springs, 195 

Klsslngen and Vichy waters at Saratoga in 

208 
Lithia waters in the treatment of gout and 

uricaemia, 205 

Pau,74 

St Catharine's in Canada. 206 

Sulphur baths in atonic, 159 

Turkish baths in, 128 

Water of Vichy and Vals in, 179 

GRAVEL. 

Bicarbonate waters in oxalic or uric add, 179 
Calcium waters in, 182 
Lithia waters in, 205 

HEMOPTYSIS. 

Expiration into rarefied air contraindlcated 
when a tendency to exists, 87 



Cephalic douche in rebellious, 114 



HEART DISEASE. 

Cairo in forms accompanied with, chronic 
catarrhs, 78 

Cold contraindlcated in chronic, or disease of 
the vessels, 180 

Compressed air contraindlcated when the myo- 
cardium is weak, 26 

Sodium chloride waters are not to be used in 
chronic diseases of the heart and vessels, 
178 

Mountain climate contraindlcated in, 71 

HEMIPLEGIA. 
Galvanization performed in the neck, 878 

HEMORRHAGE. 

Cold or vigorous applications of heat and cold 

to control, 180 
8itx bath in Internal, 104 

HEMORRHOIDS. 

Patients with flux should avoid Pau, 74 

HEPATIC CONGESTION. 

Amenable to treatment with the stronger alka- 
line waters (Vichy and Carlsbad), 179 

HODGKIN'S DISEASE. 

Arsenical waters of Bourboule in, 205 

HYPOCHONDRIASIS. 

Electric baths in, 395 
Mountain climate, 71 

HYSTERIA. 

Electric baths in, 858, 895 
Paradigm In pains of, 876 
Galvanic currents of weak density, 865 
Mountain climate in light forms of, 71 
N6res, 195 

IMPOTENCE AND SEMINAL 
EMISSIONS. 

Cold sonnd in, 97 

INFLAMMATIONS. 

Currents of weak density in Inflammatory 
' lesions, 865. 

INSOMNIA. 
Maritime climates may increase, 56 

INTESTINAL TORPOR. 
Cold climates in, 54. 

JAUNDICE, CATARRHAL. 

Rectal Injections of cold water in, 97 

LARYNGITIS. 
Sea-voyages for, 68 

LIPOMATA. 

Electrolysis in the treatment of, 408 

LITHIA8IS. 
(See Gbavbl.) 
n in biliary, 179 
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Absence o£ In Venfoe, 56 
Alkaline waton in the cachexia of, 
Carlsbad waters In patodeJ eacfeexla, 
Sodtem chloride waten in, 171 

MIOBAINB. 
(See HsunaauO 
Galvanisation in the neck in, 178 

MUSOUI*AB ATBOPHT. 

A oomhinatton of galvmnio and induced cur- 
rents in, 806 

Geivenlntfem in the neck in progresetve mus- 
cular atrophy , 296 



Electrolysis in the destruction at, 401 



(See ALBUMniuaiA.) 

Cairo in chronic, 78 

Cold applications contraindicated in, 190 

Cold dry climate contraindicated, SO 

Colorado contraindicated in, 77 

Compressed air opposed on theoretical grounds, 

26 
Turkish baths relieve the kidneys, 128 

NERVOUS EXCITEMENT. 

Intense sunlight of mountainous regions pro- 
duces, 58 

NERVOUS DISEASES. 

Diverse forms of hydro therapeutic treatment 

in 130 
Indeterminate springs in the treatment of 

neuropathies, 195 

NEURASTHENIA. 

Colorado, 77 

Electric baths in, 395 

Farad ism for forms of, 875 

Franzenbad, 204 

Galvanic currents of weak density in, 865 

Galvanization, general and central (Beard) in, 

389, 391 
Mountain climate valuable when sleep is 

sound. 66 
Positive air-bath in, 389 

NEURALGIA. 

Cairo in rebellious, 73 
Electric breeze in, 376 
Galvanism in, 366 
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GalxoUtJbeea^ states 04 ft 
Colorado in, 7S, 76 
Compressed eir in nwne ceeei 
nrediaDoalUon to. exists. 36. 86 

Desert life unwise in advanced oases of, 72 

Diminution of, follows the establishment of 
drainage, 46 

Gtfrbersdorf, 70 

Himalayan climate too rainy for, 69 

Madeira for irritable forms ot 57 

Moderately humid, cool stations are better for 
the scrofulous and predisposed than for 
confirmed cases of, 60 

Mountain climate in the predisposed or estab- 
lished, 71 ; in slow torpid types of, 71 ; in 
erethismic forms, forms with nhrht-sweats, 
etc., 72 ; contraindicated in intestinal, lar- 
yngeal, or the forms following diabetes, 72 

New Zealand should be avoided in, 58 

Panticosa, 71 

Precautions must be observed between voyages 
in, 68 

Pulmonary gymnastics in those predisposed, 
86 

Riviera, the, for non-irritable cases, but con* 
traindicated in the nervous or in florid 
forms, 61 

Sanatoria, English, 60 

Sea voyages in, 62, 68 

8t Leonards and Hastings not suited for, 60 

Sulphur baths in, 158 

hemoptysis a contraindication for, 161 

Use of cold applications usually contraindi- 
cated, 180 

Use of nitrogen in, 144 

Warm moist climates sometimes unsuited for, 
50 

Winter mountain resorts in, 70 
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PLETHORA. 

Mountain climate in abdominal, with a ten- 
dency to hemorrhoids, 71 
Sodium chloride waters for abdominal, 172 

PLEURISY. 

Colorado during convalescence from, if the 
patient be vigorous, 77 

Compressed air after the subsidence of the in- 
flammatory process, 25, 86 

Mountain climate for pleuritic exudates when 
non-purulent, 72 

Sea-voyages during convalescence, 63 

PNEUMONIA. 

Colorado in convalescence from, 77 
Compressed air in chronic forms of, 25 
Mountain climate for chronic apical, 72 
Sea- voyages during the convalescent period, 63 

POLYURIA. 

Mountain climate in nervous forms of, 71 

PULMONARY CONGESTIONS. 

Pau should be avoided by patients with, 74 

RHEUMATISM. 

Barbotan, mud-baths at, for the treatment of, 
138 

Cairo in chronic, 73 

Climate of the Riviera, 60 

Cold affusions in cerebral, 116 

Cold, dry climate predisposes to, 60 

Compressed air in, 25 

Ferruginous springs in chronic, 191 

Frank rheumatism without heart lesions may 
be treated at Chateauneuf, etc. ; irritable 
cases at Klris, whilst in chronic forms, 
Saint Amand, Barbotan, etc., are stations 
of choice, 194 

Galvanism for rheumatic manifestations, 366 

Galvanism in the neck in, 376 

Glen wood Springs, Colorado, in, 209 

Hot Springs of Arkansas and South Dakota, 
209 

Klssingen and Vichy, at Saratoga, 208 

Pau, 74 

Sodium bicarbonate waters in, 179 

Sodium chloride baths in, 170 

Saint Catherine's Spring, 208 

Sulphur baths in, 158, 159 
stations for, 159 

Turkish baths in, 128 

SEA-SICKNESS. 

Long voyages contra-indicated where exces- 
sive tendency to exists, 63 

SCIATICA. 

Strong faradlc currents in, 875 

SCLERODERMA. 

Galvanization in the neck in, 378 



SCORBUTUS. 

Use of sodium chloride waters said to be con- 
tra-indicated, but have proved of value in, 
173 

SCROFULA. 

Arsenical waters of Bourboule, 205 

Lighter forms of, arc benefited by the chloride 

bicarbonated waters, 201 
Stations of the Riviera, 61 
Stations for treatment of, 171 
Sulphur baths very useful in, 159 
Uriage, waters of, in, 199 

SKIN DISEASES. 

Baths, simple, medicated, vapor, and tepid, 
are useful in, but cold water and sweating 
by mean 8 of a lamp should not be used, 
130 

Chloride bicarbonated waters in eczema, 201 

Douches, hot, in, 130 

Dry forms of eczema and psoriasis are treated 
at Bourboule, 205 

Galvanization in the neck in chronic, 378 

Indeterminate waters in, 195 

Iodo-bromide waters employed in, 205 

Sulphated chloride waters in rebellious cases 
of, 199 

Sulphur baths in eczema, impetigo, and acne, 
159 

Thermal springs of the United States in, 209 

SPINAL-CORD DISEASE. 

Compressed air, opposed on theoretical 
grounds, 26 

STRICTURES. 

Chemical galvano-cautery in strictures of the 

lachrymal passages, 406 
Electrolysis in urethral strictures, 399, 402 

SYPHILIS. 

Aix-la-Chapelle, sulphated chlorated waters 

of, in, 199 
Sulphur baths in, 158 

in cachexia of, 159 

combined with mercury in, 159 
Stations for the administration of, 159 
Thermal springs of the United 8tates, 209 

TONSILS, HYPERTROPHIED. 

Special electrode (Boudet de Paris) for re 
moval of, 402 

TRAUMATIC LESIONS. 

8ulphur baths for old luxations, fractures, and 
gunshot wounds, 161 

TUBERCULOSIS. 

(See Scrofula and Phthisis.) 

glectro-chemloal method of Gautier tor lupus 
andtabawokwa li i n ii w i MR 
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Indicate that the highest point of perfection has Record. 

been reached in works of ttiis class. — University For convenience and elegance it is not soi 
Medical Magazine. i able. — Obstetric Qaiette, 

SPECIAL COMBINATIONS WITH THE VISITING LIST, see ] 



^^, 'The safest mode of remittance is by bank check or postal money order, drai 
the order of the undersigned ; where these are not accessible, remittances for subscript 
may be sent at the risk of the publishers by forwarding in registered letters address) 
the Publishers (see below). 

The Medical News Physicians' Ledger. 

Containing .'»00 pages of line linen " ledger" paper ruled so that all the accounts 
large practice may be conveniently kept in it, either by single or double entry, for a 
period. Strongly bound in leather, with cloth sides, and with a patent flexible 
which permits it to lie perfectly ilat when 0]>ened at any place. Price, (4-00. 

Lea Brothers & Co.. Publishers, 706, 708 6 710 S ■• 



fledical Dictionary, Quiz Manuals. 

THE STUDENTS' 

GTIONARY OF MEDICINE 

AND THE ALLIED SCIENCES, 



SING THE PROHUNX'lATIfiN, DERIVATION AND |GU EXPLANATION OF MEDICAL 
TERMS; TOGETHER WITH MUCH 'JOLLA'l ER AL DESCRIPTIVE MATTER, 
, NUMEROUS TABLES, ETC. 

By ALEXANDER DUANE, M. D., 

ton! Suraton If Ibi fflM IV* Ophthalmic and Jurat Intitule ; Ranter of JfBllto! Ttrn.. fur 
f WcMtfi International Dictionary. 

one anuare octavo volume of 6Ss pages. Clotli, $4.25; half leather, $4.50; full 

5*0. Ju»t rcaily. Thumb. letter Index for quick use, 50 cents exlr*. 

ids hu spared no time, pains nrjfcxpenge Fr-m \. L. Loanis, U. D , PtoIiikt j 

odeaToi to bring before the profession, Pratt ice of Med^ne, Mmlirai fiepor, 

;tatlythsitiideiii-or medicine, abookem- •<!., Ore o/ Ale* For*. JV«» For*. 

. eoinpleteneee end eipliolinets. The It seems to tar entirely JWItfKlnrj for the p«r- 

rr Is abundant and its fulness la paral- pose for wbiah 11 la luleoJed. 

die explanation "forded each word. It jv^, j. c _ Wiuga, M. D , prvJaMor uf Mcdicmt, 

alma .xUnil.a tables. Each word It i fol- Jeg wlm Uedieul Callige, WSd.fpa.ii 

ia.eor^ronn^tlnn^ny^^™ ^tt.p^.r, u»_ be_..ll .uiwd* ■be__p,,r P «e.ot 
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ortM.klncf. e iTenb T me.osof,..impl, t hem^,";T.«d7 n rbiiiK"mplerr.^!irKX 

ous phonetic spelling. IwrlMlcD, ih* » a tlons and pronunciation . exiiili'iiTciMtmelaoU* 

lid to memory, I* fully trriilerl of, .nil for I™™!™?.?™ in deflnlHnn, and i or .1.1 

. n^l.a in uennltloot, and .l,or. 1U ,hly np 

t-iwEAhe roots ot the words I *">"» 
...... Th B author's eape- 1 ™» 

■ted by nli "* 

a for %sb. I 1 m 



hi* Greek In *i»irf|_ 
iwrnlhutlaoBuagir'.... 
a l*ijaojeaph«f Is fully uir 
>• Rerleer of Medical Tern 
llJMcllon 



khly adapted to th 
i tak'-n occasion 



HE STUDENTS' QUIZ SERIES. 



EW Seriesof Manuals, comprising nil departments of medical science mid practice, 
ind prepared to meet the needs of students and practitionera. Written by promi- 
edical leathers and "»peciti lists in New Yort, these volumes may be Iramd as 
lalive and abreast of the day. Cast in the form of KUggestive ijuesliuns, and concise 
sr answers, the text will impress vividly nj-on the reader's memory the salient 
if his subject. To. the student these volumes will he of the utmost service In nre- 
lor examinations, and they will also be of great ute to the ptactitiooer in recalling 
n details, and in gaining the latest knew ledge, whether in theory or in the actual 
ot of disease. Illustrations have been inserted wherever advisable. Bound in 
»h, and in siie suitable for the hand and pocket, these volumes are assured of 
in popularity, and 'are accordingly placed at an exceedingly low price in com- 
ma their value. For details of subjects and prices see below, 

OMV (Donate .Vxmfcerl-By Fasn J. ' CEN1TO - UwlNARV AND VENEKEaL 
■ wit, M.f'., A-l-tam iSemoa.tralor of u1SE*SES-K, i n.„i.,j II. Cntr. 
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York, and A. O'M.i.i.rr, M.I>., In-itiiotor 
- w York Polyelir ■ 
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Dictionaries. 



TWENTY-FIRST EDITION. THOROUGHLY HEVISED. 

Dunglison's Dictionarj 

OF MEDICAL SCIENCE. 

With the Pronunciation, Accentuation and Derivation of the Ten 






Pedla 

M. D., late Professor of Institutes of Medicine in the JeffltOHl HMi«] College of Ph 
delphia. New (21st) edition, thoroughly revised and greatly enlarged. A 
nuncialion, Accentuation nod Derivation of the Terms, by RlcKUtS J 
A.M., M.D. In one very large and handsome royal octavo volume of 1101 
Cloth, (7.00; leather, raised bands, $8. 00. Thumh-lelter Index, for quick use, 75 ceiv 

THIS gieat medical dictionary, which has been fur more than two general 
standard of the English -speaking nice, is now issued in ■ ll 
greatly enlarged and improved edition. The new words and phrases oj 
by actual count over 44,000. Though the new edition contains Gu 
predecessor, the whole is accommodated within ti volume convenient for the hand. 
The revision has not only covered every word, but it has resulted in a nm 
important new features designed to confer on the work the utmost usefulness, and 
it answer the must advanced demands of the times. 

frtmunriaiion has lieen introduced throughout by means of ■ 
system of phonetic spelling. At a glance the proper sound of a word is clearly in 
and thus a most Important desideratum is supplied. 

Derivation affords the utmost aid in recollecting the meanings of words, si 
the power of analysing and understanding those which ore unfamiliar. It is indi 
the simplest manner. Greek words sre spelled with English letters, aad thus pi 
the command of those unfamiliar with the Greek alphabet. 

Definition*, the essence of a dictionary, are clear and full, a character: 
which this work has always been preeminent. In this edition much explanattx 
encyclopedic matter has been added, especially upon subjects of practical iin portance. 
uncfer the various diseases will be found their moptonia, treabnenLeAc.; under dm 
doses and elicits, etc., etc A vast amount of information has been clearly and conn 
ed into tables in the alphabet. 

a word, Dunjfistm'g Medical Dictionary, in its remodelled and colled & 
equal to all that the student and practitioner can expect from such n work. 

Thenew"Dungli»on" lsaew Indeed. The rut the eiistfne; condition or medical salaa* 
which" the work hu been broughl down to date of the condition, a oaadaoaad tabta Is 

reader. The In ade in all the thcrapeotieal Indication- inderthe 

branches at medical sett nee litre And represen- ' Murmur-, be-lde- u de-criptlon of the 
Ution. A prominent mid very useful feature ol forma, > labia is given of the atgnlfiauici 
Hit old liiujii in retain.-.! :■.■!■! ii:ii|-!iri.> I in 1 1. is— a i> mii'idurs of tntmlar origin. Under IS- 1 
mean the tables, which recur with great frc- I lending elans! Beat ions are recorded, • 
qutuoy and represent a nui amounr of condensed graph la devotsd to the question of (lie . 
Infnrmallon. In respect to accuracy thehooli quite lion of Ihe pathogenic properties, and 



acquainted wild. 7.'.. ,<,-., -'■„; ,17>.i.i-.i' ./,•,;■,..,', ,lune, ]8_.. 

t .-.Li Us ;/«' so) Si sal ■-..' ,n.. UM ^o fully hats derivations and definitions! 



nually surpasses anv of lis con tempo- modes of culture of the bacteria — Tht 
'-ited with. ""■- 

Covering '.he entire field of meilclne. 
and the collateral solenees.ilsrsngeof usefulness tical mailer, mr-h i- •\i,-y\,„o.-, 
■■ 

n vast amonnl of urnn-i! nutter. The tvue i- pedis ralhtr lhan a dictionary.— f>H 
noramandabl] 

'It:- ne» subjects and term- treated are no lea." A thorough system of ]>hon 

than forty-fijur thousand, sufficient in thgntselve- the pronunciation of all words 

to form a large volume. Tlier- 1 ■,- t.fm a vim-.- pV ft. In require no key,— AV» OrltOBlMli 
worthy attempt to tender the work an enitoi 



§ 



The National Medical Dictionary, 

Including English, French, German, Italian and Latin Technical Terms 
Medicineanii the Collateral Sciences, and a Series of Tables of Useful Data. " 
8. Billings, M. D., LL. D., Edin. and Harv., D.UL, Oion., ntemlier of the 
Academy of Sciences, Surgeon V. S. A., etc. In two very handsome roysd i 
containing 157-1 p:<a;es, with I wo colored plates, Per volume — cloth, 86.tX): leather, 
half morocco, marbled edges, |8.50. Subwri|Jtioi> only. Address the publishers. 

Apart from the 1 idless stores of lnformal|r.n chief modern languages. Than eaonot 

which may be gained by tbestudyofsg i did km opinions as to Ihe great value o! till. dlcllou 

nry, one is enabled by the nil on. lei noti. ■ •- r .■ i.s,i a honk of ready reference for all aorta aad 
Intelligently any technical treatise to anv olttwt<«n ti'.ns "f medical men.— Lin '- ' 

Lea Brathtrs & Co.. Publishers, 106.108 8.110 San*i>ni^r«i.r i v,"i\an*t v W, 



Anatomy, Dictionary. 



THIRTEENTH EDITION. 



GRAY'S ANATOMY 



IN COLORS OR IN BLACK. 



Anatomy, Descriptive and Surgical, 

BY HENRY GRAY, P. R. S., 

LECTURER ON ANATOMY AT ST. GEORGE'S HOSPITAL, LONDON. 

Edited by T. PICKERING PICK, F. R. C. S., 

Surgeon to and Lecturer on Anatomy at SL George* $ Hospital. London, Examiner in Anatomy, 

Royal College of Surgeon* of England. 

A new American from the thirteenth enlarged and improved London edition. In one 

imperial octavo volume of 1118 pages, with 636 large and elaborate engravings 

on wood. Price, with illustrations in colors, cloth, $7 ; leather, $8. 

Price, with illustrations in black, cloth, $6; leather, $7. 

SINCE 1857 Gray's Anatomy has been the standard work used by students of 
medicine and practitioners in all English-speaking races. So preeminent has it 
been among the many works on the subject that thirteen editions have been 
required to meet the demand. This opportunity for frequent revisions has been 
fully utilized and the work has thus been subjected to the careful scrutiny of many of the 
most distinguished anatomists of a generation, whereby a degree of completeness and ac- 
curacy has been secured which is not attainable in any other way. In no former revision 
has so much care been exercised as in the present to provide for the student all the 
assistance that a text-book can furnish. The engravings have always formed a distin- 
guishing feature of this work, and in the present edition the series has been enriched and 
rendered complete by the addition of many new ones. The large scale on which the 
illustrations are drawn and the clearness of the execution render them of unequalled 
value in affording a grasp of the complex details of the subject As heretofore the name 
of each part is printed upon it, thus conveying to the eye at once the position, extent 
and relations of each organ, vessel, muscle, bone or nerve with a clearness impossible 
when figures or lines of reference are employed. Distinctive colors have been utilized 
to give additional prominence to the attachments of muscles, the veins, arteries 
and nerves. For the sake of those who prefer not to pay the slight increase in cost 
necessitated by the use of colors, the volume is published also in black alone. 

The illustrations thus constitute a complete and splendid series, which will greatly 
assist the student in forming a clear idea of Anatomy, and will also serve to refresh 
the memory of those who may find in the exigencies of practice the necessity of recalling 
the details of the dissecting room. Combining as it does a complete Atlas of Anatomy 
with a thorough treatise on systematic, descriptive and applied Anatomy, the work covers 
a more extended range, of subjects than is customary in the ordinary text-books. It not 
only answers every need of the student in laying the groundwork of a thorough medical 
education, but owing to its application of anatomical details to the practice of medicine 
and surgery, it also furnishes an admirable work of reference for the active practitioner. 

We always had a kiDdly regard for the il lustra- hare more than one need to ask which one to add. 
tfone in Gray, where each organ, tissue, artery, and The work is admitted to be easily first on anatomy 
merre bear their respective names, and i nth l? edl- in any language.— TheAtner. Practitioner and Newt. 
tion color has been worked to advantage in bring- Teachers of anatomy are almost unanimous in 
lag out the relationship of vessel and nerve. Of late recommending "Gray" as the standard work for 

Sears, many works on anatomy have been Intro- the student The illustrations are conceded to be 
need to the profession, but as a reference book for the best that have yet been given to the profea- 
the practical everyday physician, and as a text-book slon. In short, Gmtfe Annfnwv is the ideal text- 
for the student, we think it will be difficult to sup- book on this subject— Clcveln nd Med. Gazette. 
plant Gray.— Buffalo Med. and Surg. Journal. Gray's has been the unvarying standard for 

It has thoroughly and completely established ; anatomical study by the vast majority of English- 
Heelf as the anatomy, par excellence.— Brooklyn speaking medical students for so long that it 
Medical Journal would seem an anomaly to see a student acquire 

It embraces the whole of human anatomy, and • such knowledge from some other source.— Medi- 
it particularly dwells on the practical or applied , cat Fortnightly. 



part of the subject, so that it forms a most useful, 
intelligible and practical treatise for the student 
tod general practitioner.— Dublin Journal of Medi- 
emlScience, 
In modern times no book on any medical sub- 



The mate hie* j* book of the doctor's or surgeon's 
library is and has been Gray's Anatomy. Since 
l&TT it has held the leading place in all colleges as 
a text-book and ha* been the one central figure in 
the many text-books in anatomy that have claimed 



Jeet has held the position of a standard so long as attention. It is still the standard text-book.— Th* 

Gray's Anatomy. For logical arrangement, clear, > Kansas Gtv Medical Index. 

terse, pointed, and yet full description, it is the The careful scrutiny to which it has been sub- 
pear of any work on any scientific subject A Jected in forty years, and the successive Issues of 
pioneer in helpful drawings, it is still in the van thirteen editions have made it what it is to-day, 
sad leads In every improvement The physician or the most perfect work of its kind extant— Uni~ 
student who requires but one work on anatomy vertity Medical Magazine. 
■rill not need to ask which, nor will those who will 



BOBLYN*8 DICTIONARY OF MEDICINE. A Dictionary of the Terms Used in Medicine and the 
Collateral Sciences. By Rictiaed D. Hobltv, M. D. 1b eav» > ■ — ramal JtBO. volume of 020 double- 
columned pages. Cloth, #1.60; leather, #400. 

L*a Brothers 4 Co., Publi*h*% 706, vtolfMi. 



HUMAN MONSTROSITIES 



Magnificent folio, containing 220 pages of teil, illustrated with engra 
39 full-page, photographic plate* from nature. In four parts, price, each, $6. 
edition, for sale by subscription only. Address the Publishers. 

Wa hate before m the fuurth «nd lut p»ti of i roust slweyi retain Ui« lion or at 
the IiMii and brn an IB* BBajl 

tt-s. Thla OOmplele* line of llie n.^lerpieces of £nf u A iltdizal Journal, 
American medical Ittoraturt, Typographically This work promt.**. 10 baone 
snd from an arllntli- Ftmniprunt, Hi* iws I" nil- mu«l he found in the library ■■! 
eiwpllonabl*. In Itiln last and final volume pathologist, obsWtrlolea and leri 
la presented the most enmpleie l-.ihl ir.nra[.fi v r.f joitii production of u obelelricli 
leretoloitlcul literature eitanl. No library will be ol or Id. and hletoloclit, and th 
complete irlthonl tin- imienifii-enl wnrk.—Jour* r*riitln_ thai both the ot--'— - 







M«i. rat .tjM.rvlfi...... _ ^ -id** .if H!* Mlhjecl will h* fully t. 



Altogether. Hamnn Mo'-ilnntttt la a satisfactory i described. The book promt" 
'- "-■ Enr"-" 



Allen's System of Human Anatomy. 

A System of Human Anatomy, Including; Its Medical and S _ 

Relations. For the use of Practitioners and Students of Medicine. By Hakk 
Ai.i.es, M. D., Professor of Physiology in the University of Pennsylv^i 
Introductory Section on Histology by E. O. Shakespearx, M. D., Ophthalinologii 
the Philadelphia Hospital Comprising 813 double-columned quarto pages, with 
illustrations an 109 full page lithographic plates, many of which are in colors, sad 
engravings in the text. In six Sections, each in a portfolio. Price per Section, P 
also bound in one volume, cloth, $£3.00; very handsome half Russia, raised hand* 
open back, 125.00. For urde. by tuLxription only. Addrai the Publisher!. 

Holden's Landmarks, Medical and Surgical 

Landmarks, Medical and Surgical. By Luther Hi 

Surgeon to St. Martin luoivvr's Ilmpil:jl, London. Sewod American ftiiui the t 
revised English ed., with addition- by W. W, Kf.es, M.D, Professor of Artistic J 
in the Penna. Academy of Fine Arts. In one 12mo. volume of 148 pages. Cloth 

Clarke & Lockwood's Dissector's Manual. 

The Dissector's Manual. By W. B. Clark", F. R. C. S„ ..ml G B 

WOOD, F.R.C.S., Demon«t niters of Anatomy at St. Bartholomew'- Hospital ' 
School, London. In one pocket-size 12mo. volume of 396 pages, with 49 lllu 
Limp cloth, red edges, f 1.50. See Studtnlrf Stria of Manual*, page 30. 

lhaican h*rdi> !■'• :;i>:,.-i n- - i.rn-i ■»: hl.i i.. ibc incn. Willi eiioh ■ guide aa this, acaaa 

dissector. Their purpoae, which la "how to d*. by so attractive a commentary a* Trvvsa' 

scribe the best way I" display [he snstomi^al Applied Anatnmv (*«r> . 

-inmiiire," hu been fully eUnined. Theyaicelln tall lo be deeply and *b>-:-rbincJj inter 

x looldlty ol demonstration and graphic tereenei- -only of inUiimf,- -Vno Ortaaju JTah 

Treves' Surgical Applied Anatomy. 

Surgical Applied Anatomy. By FaEnERicK Treves, F. R. C. 

Demonstr:it< .r < ■!' Anat'nuv and Ai-siidiinl Surgeon :tt the London Hospital. In o 
site 12mo. volume of 540 pages, with 61 illustration*. Limp cloth, red edges, $2.0 
Student* Series of MtuaiaU, p. SO. 

Bellamy's Surgical Anatomy. 

The Student's Guide to Surgical Anatomy : Being a Deacriptioa 
most Important Surgical Regions of the Unman Body, and intended as an Intrwluct 
Operative Surgery. V.v Edward Bellamy, F. R. ('. S„ Senior AnsiMant-Sulgwa 
Ch aring- Cross Hospital Inone 12mo. vol. of 800 pages, with 50 illus. Cloth," 



Wilson's Hnman Anatomy. 



I 



Wiisoh, F. R. 

Anntdiny in the Medical College of Obi 
of 616 pages, ""' 

"tJGV. Eighth edition. ._ . 

■ - ■■ ' 

TIOS OF THE Ut'MA,N BOI'T. 

HORNER'SSPECIAL AKVTOHt AM) msTOt, CI-rtb.tU B, 

Lea Brothers & Co.. Publishers. 706.708 41 10. Sunvim5tr«t,TVu<a<fefp*J«:, 



HARTSHORNE'S HANDBOOK OF AVVrn! 
WlBO, I 310 pages, 230 woodcuts. Cl..th.';l .75. 



Physics, Physiology, Anatomy, Chemistry. 7 



Draper's Medical Physics. 

Medical Physios. A Text-book for Students and Practitioners of Medicine. 
Br John C. Draper, M. D., LL. D., Prof, of Chemistry in the Univ. of the City of 
New York. In one octavo vol. of 734 pages, with 376 woodcuts, mostly original. Cloth, $4. 



No man in America wm better fitted than Dr. 
Draper for the task he undertook and he has pro- 
vided the student and practitioner of medicine 
with a volume at once readable and thorough. 



cultlea to be encountered in bringing his subject 
within the grasp of the average student, and that 
he has succeeded so well proves once more that 
the man to write for and examine students is the 



Even to the student who has some knowledge of ! one who has taught and is teaching them. The 
physics this book is useful, as it shows him its j book is well printed and fully illustrated, and in 
Applications to the profession that he has chosen, every way deserves grateful recognition.— 7%e 
Dr. Draper, as an old teacher, knew well the diffl- i Montreal Medical Journal. 

Reichert's Physiology.— Preparing. 

„A Text-Book on Physiology. By Edward T. Reichert, M. D., Professor 
of Physiology in the University of Pennsylvania, Philadelphia. In one very handsome 
octavo volume of 800 pages, fully illustrated. 

Power's Human Physiology.— Second Edition. 

Human Physiology. By Henry Power, M. B., F. R. C. 8., Examiner in 
Physiology, Royal College of Surgeons of England. Second edition. In one 12mo. vol. 
of 509 pp., with 68 illustrations. Cloth, $1.50. See Students' Series of Manuals, p. 30. 

Robertson's Physiological Physics. 

Physiological Physics. By J. McGregor Robertson, M.A., M. B., 

Muirhead Demonstrator of Physiology, University of Glasgow. In one 12mo. volume of 

687 pages, with 219 illus. Limp cloth, $2. See Students 9 Series of Manuals, page 30. 

The title of this work sufficiently explains the ' ments. It will be found of great value to the 
nature of its contents. It is designed as a man- ; practitioner. It is a carefully prepared book of 
oal for the student of medicine, an auxiliary to > reference, concise and accurate, and as such we 
his textbook in physiology, and It would be partlcu- I heartily recommend it— Journal of the American 
laiiy useful as a guide to his laboratory expert- j Medical Auociation. 



Dalton on the Circulation of the Blood. 

Doctrines of the Circulation of the Blood. A History of Physio- 
logical Opinion and Discovery in regard to the Circulation of the Blood. By John C 
Daxton, M. D., Professor Emeritus of Physiology in the College of Physicians and Sur- 
geons, New York. In one handsome 12mo. volume of 293 pages. Cloth, $2. 

Dr. Dal ton' s work is the fruit of the deep research 
of a cultured mind, and to the busy practitioner it 
cannot Call to be a source of instruction. It will 
Inspire him with a feeling of gratitude and admir- 



ation for those plodding workers of olden times, 
who laid the foundation of the magnificent temple 
of medical science as it now stands.— New Orleans 
Medical and Surgical Journal. 



Bell's Comparative Anatomy and Physiology. x 

Comparative Anatomy and Physiology. By F. Jeffrey Bell, M. A., 

Professor of Comparative Anatomy at King's College, London. In one 12mo. vol. of 661 

pages, with 229 illustrations. Limp cloth, $2. See Students' Series of Manuals, page 80. 

The manual is preeminently a student's book— it the best work in existence in the English 
clear and simple in language and arrangement language to place In the hands of the medical 
It la well and abundantly illustrated, and is read- student— Brutal Medico-Chirurgical Journal. 
able and interesting. On the whole we consider i 

Ellis 9 Demonstrations of Anatomy.— Eighth Edition. 

Demonstrations of Anatomy. Being a Guide to the Knowledge of the 
Human Body by Dissection. By George Viner Ellis, Emeritus Professor of Anatomy 
in University College, London. From the eighth and revised London edition. In one 
very handsome octavo volume of 716 pages, with 249 illus. Cloth, $4.25 ; leather, $5.26. 

Roberts' Compend of Anatomy. 

The Compend of Anatomy. For use in the dissecting-room and in pre- 
paring for examinations. By John B. Koberts, A. M., M. D., Lecturer in Anatomy in 
the University of Pennsylvania. In one 16mo. vol. of 196 pages. Limp cloth, 75 cents. 

WAALER'S OUTLINES OF ORGANIC CUEM- ! CARPENTERS HUMAN PHYSIOLOGY. Bdits4 
I8TRY. Edited by Fittio. Translated by Ira by Hnrar Powee. In one octaro rolnme. 
Ramcx, M. D, Ph. D. In one 12mo. rolume of CARPENTER'S PRIZE ESSAY ONTHBUBEAJTD 
660 pages. Cloth. 83. Aiuse or Alcoholic Liquobs ia Haai/m 



LEHMANN'S MANUAL OF CHEMICAL PHYS- ease. With explanations of scientific Wflf*. 1 
IOLOGY. In one octaro rolume of 327 pages, j 12m o. 178 pages. Cloth, 60 cents, 
with 41 illustrations. Cloth, $2.26. 



Lea Brothers 4 Co., Publishers, 706, 708 & 710 Santom Str*«t PMtoMjl 
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at i, kn,.wn 



Foster's Physiology.— Fifth American Edition. 

Text-Book of Physiology. By Mk;iiai:l Fosteu, M. I>., F, R -.. 
toe in Phyaiulogy and Fellow of Trinity College, Cambridge, England, lilili ud 
enlarged American from the tiflh and revised Engtttll sdltton, with notM an 

In one handsome octavo vol. of 1004 pages, with 316 illtis. Cloth, I4.S0: leather, $5 SO. 

It Is unquestionably the standard teal book on ' 

phyeiology for Hudentu unit pnoHtkmera The 

modmn price nf this ire] Manned book at once 
• horn tiow popular the work has bNMM The 
■ 

«> - art. snfiiolSnt for the teacher: and ,!,..- 

manner nf dealing witli the topic* is well-ar- 
mined [,,r the adiantatiC of the praclitinuer.— 
P.-limo ZMutit Monthly, January, l*M. 

fojiw't /Vd,-./'- .( L- id !■■ i -|-i..| it-il-book In 
aim us t err ry medical college in I Ills cotinlry, and 



■toxid a poo It. Apparently ni 

ha* escaped hlii paln-tnliin>i attenl 

which have been made to llii. laal edition »r* 
caused l>y an effort In explain mure fully ami u 
KriMtmr l.mtfl.h what seemed to t* the n\«*t fiiii.lv 
menial and Important toplca. The i 
■ 

'-an _profee.nr. of phr.tc- 



-sily. Thfi 



a In n 



For tojj£ We have nothing 

and ilily '..f tl.e j.nbli.-li. 'l',, sel'llnc 

"' ' cos'lly'o produce, for an Air-',,' 

■I[] K price.— Tilt r.M.rrf,: Mf! ■■:' S..W. March. 1 



- ttbaf 



Dalton's Physiology.— Seventh Edition. 

A Treatise on Human Physiology. Designed for the nse of Students 
am) E*notitfa»en of Medicine. By John t_\ Dalton. M. D-, Profess., r of Phynolcgj to 
the College of Physicians and Surgeon*, New York, etc. Seventh edition, thoroughly 
revised and rewritten, in one very handsome octavo volume of 722 page*, will, 
tiful engravings on wood. Cloth, $5.00; leather, ftf.00. 

From the first appearance of the nook It ' — 
been a faroriie, owing as well to toe auth 



-.v. r. ,w«(jf.i( J."„.,„n.: 



almpllelty with whti 

It muni be gratifying 
qnency with which hi. ..... 

and practitioners, i- quoted by o 
physiology. 1'hla fact attests ill 
great measure, Its originality. I 
auch weal of approbation, in. were 






. ._ . Ie-Tre.il r- 
,i),|,:''',!ist-',l »"rk I, as l.mg pasaed the »iage at 
wlileii ■ I ■■"ill, I I," :■■,■,, ■-'■■! In ■',.-, r-bnaiy •#!!.*. 
f.,r tli« m*dl,:>l |.rv. 

',(,!■.'■.■' I„ .■ n* ,-,n i tie 



k is eminently 

' »' |,!,y-V:r,iy>'l, 

! oi^wnt " 

- r< aders -DiM i ...(,,,1 



Chapman's Human Physiology. 






A Treatise on Human Physiology. Hy Henry C. Ciupmjuc. V a-. 
Professor of Institutes of Medicine in the Jefferson Medical College of Philadelphia. 
e octavo volume of 826 pees, with 60S engravings. Cloth, $5,50; leather, 16.50. 



very fully II 

j,inr'llli.-.|i.> 



phy-|,.l"tv. I 
U, the slu.lem 

to t? ■&.,■ 

wlil-h 11,.- 



; 



:;,::■; 



Is *,-. complete thai Ik- n-ed Iihibl ac 

■ ■ 
.11 XHlnit Juatm ■ 



Schoheld's Elementary Physiology. 



Elementary Physiology 

M. D., Late House I'livM.hm L.ndun Hospital. In 
227 engravings and 'i colored plates containing 30 



for Students. By Aubid T. Schi 

— 12mo. volume of 380 pages, 
es. Cloth, $2.00. 



:ofta,a, 

m -i i 



Frankland & Japp's Inorganic Chemistry. 

Inorganic Chemistry. By E. Frankland, D. C. L., F. It. S., Profeemr of 
Chemistry in the Normal School of Science, London., and !<\ R. Jai-p, F. I. C, AmUnci 
Professor of Chemistry In the Normal School of Science, London. In one handsome 
octavo volume of 677 pages with SI woodcuts and 2 plates. Cloth, |3.75 ; leather, *-! 75. 

Clowes' Qualitative Analysis.— Third Edition. 

An Elementary Treatise on Practical Chemistry and Qualitative 
Inorganic Analysis. Specially adapted for use in the Laboratories of - 
Colleges and by Beginners. By Frank Clowes, I >. Be, London, S 

at the High Scli... 1. Ncwcitstl.-iindcr Lyme, etc. Third American from the fourth and 
revised English edition. lo one 12mo. vol. of 387 pages, with 55 Jllus. Cloth, $2160. 

lea Brothers A Co.. Publishers, 706. 708 & 710 Sunaom Street. Philadelphia. 



Chemistry — (Continued). 



Simon's Chemistry.— New (5th) Edition. Just Ready. 

Manual of Chemistry. A Guide to Lectures and Laboratory work for Begin* 
nero in Chemistry. A Text-book specially adapted for Students of Pharmacy and Medi- 
cine. By W. Simon, Ph. D., M. D., Professor of Chemistry and Toxicology in the College 
of Physicians and Surgeons, Baltimore, and Professor of Chemistry in the Maryland Col- 
lege of Pharmacy. New (5th) edition. In one 8vo. vol. of 501 pp., with 44 woodcuts and 
8 colored plates illustrating 64 of the most important chemical tests. Cloth, $3.25. 



The exhaustion of the very Targe fourth edition 
1b less than two years indicates the leading posi- 
tion achieved by Professor Simon's Chemittrv as a 
text-book in medical and pharmaceutical colleges. 



referred to this series of colors and color changes. 
The new edition has been most carefully revised 
in accordance with the advance of science and in 
order to bring it into complete harmony with the 



It furnishes an admirable selection of material ! new Pnarmacopcola. All chemicals mentioned in 



bearing upon the laws and phenomena of chem- 
istry. As an aid to laboratory work a number of 
experiments hare been added. Physicians as well 
as students will anpreciate the value of the colored 
plates of reactions, which give a permanent and 
accurate series of standards for comparison of 
(eats, a matter not susceptible of satisfactory 
explanation in words. In medical practice im- 



the last issue of that work are included. Special 
care has been taken to detail the most modern 
methods for chemical examination in clinical 
diagnosis. The author's experience as a physician 
and as a teacher of medical and pharmaceutical 
students is reflected in the special adaptation of 
his book to the needs of all concerned with the 
applications of chemistry to the art of healing.— 



portant pathological and toxicological questions Southern Practitioner, April, 1895. 
depending on the test-tube may with certainty be ! 

Attfield's Chemistry.— New (14th) Edition. Just Ready. 

Chemistry, General, Medical and Pharmaceutical; Including the 
Chemistry of the U. S. Pharmacopoeia. A Manual of the General Principles of the 
Science, and their Application to Medicine and Pharmacy. By John Attfield, M. A., 
Ph.D., F. I.C., F. R.8.J etc., Professor of Practical Chemistry to the Pharmaceutical 
8ociety of Great Britain, etc. Fourteenth edition, specially revised by the Author 
for America, to accord with the new U. S. Pharmaco]>oeia. In one 12mo. volume of 794 
pages, with 88 illustrations. Cloth, $2.75; leather, $3.25. 

Attfield is the most widely known and the most no introduction. It occupies a unique position, 
•xtensively used chemistry that has e?er been : for, although it is a complete manual of chemistry, 
published in the English language. This manual it has been arranged and especially adapted to the 
Is a systematic exponent of the general truths of needs of the physician and pharmacist. The work 



chemistry, and is written mainly for pupils, assist 
ants and principals engaged in medicine and 
pharmacy. It will be found equally ureful as a 
reading book for students haying no opportunities 
of attending lectures or performing experiments, 
or, on the other hand, as a text-book for college 
pupils. Attfield's ChrmUtry can lay claim to unex- 
ampled popularity.— Charlotte Med. Jour., Oct, 1894 



is made to correspond with the last edition of the 
United State* Pharmacopoeia. The present edition 
contains such alterations and additions as seemed 
necessary for the demonstration of the latest 
developments of chemical principles and the 
latest applications of chemistry to pharmacy. 
The fact that this work now appears in its four- 
teenth edition is abundant proof that it supplies 



This work has long been a standa rd, and will need i a distinct want.— Univ. Med. Magazine, Dec, 1894. 

Fownes 9 Chemistry.— Twelfth Edition. 

A Manual of Elementary Chemistry; Theoretical and Practical. By 

Georoe Fownes, Ph. D. £mbodving Watts' Physical and Inorganic Chemittry. New 

American, from the twelfth Englisn edition. In one large royal 12mo. volume of 1061 

pages, witn 168 engravings and a colored plate. Cloth, $2.75; leather, $3.25. 

' cal students. In this work are treated fully: Heat, 

Light and Electricity, including Magnetism. The 
influence exerted by these forces in chemical 
action upon health and disease, etc., in of the moat 
important kind, and should be familiar to every 
medical practitioner. We can commend the 
work as one of the rery best text-books upon 
chemistry extant. — Cincinnati Med. New*. 

Bloxams Chemistry.— Fifth Edition. 

Chemistry, Inorganic and Organic. By Charles L. Bloxam, Professoi 

of Chemistry in King's College, London. .New American from the fifth London 

edition, thoroughly revised and much improved. In one very handsome octavo 

volume of 727 pages, with 292 illustrations. Cloth, $2.00 ; leather, $3.00. 

Comment from us on this standard work is al- 
most superfluous. It differs widely in scope and 



Fownes 1 Chemistry has been a standard text- 
book upon chemistry for many years. Its merits 
are very fully known by chemists and physicians 
everywhere In this country and in England. As 
the science has advanced By the making of new 
discoveries, the work has been rerised so as to 
keep It abreast of the times. It has steadily 
maintained its position as a textbook with medl- 



aim from that of Attfield, and in its way is equally 

" >pte the most di; 
ods la stating the principles, hypotheses and facts 



beyond criticism. It adopts the most direct meth- 
ods la stating the ..-.,-„. 
of the science. Its language is so terse and lucid, 
and its arrangement of matter so logical In se- 
qoenoe that the student nerer has occasion to 



complain that chemistry is a hard study, Much 
attention is paid to experimental illustrations of 
chemical principles and phenomena, and the 
mode of conducting these experiments. The book 
maintains the position It ha« always held as one of 
the best manuals of general chemistry tn the Bag* 
lish language. — Detroit Lancet. 



Luffs Manual of Chemistry. 

A Manual of Chemistry. For the use of students of medicine. By Arthur 
P. LUFF, M. D., B. 8c., Lecturer on Medical Jurisprudence and Toxicological Chemistry. 
8t Mary's Hospital Medical School, I>ondon. In one 12mo. vol. of 522 pages, with So 
engravings. Cloth, $2.00. See Students' Series of Manual*, page 30. 

Greene's Manual of Medical Chemistry. For the use of Students. Bv 
M H. Grxkke, M. D., Demonstrator of Chemistry in the University of Pennsyl- 
In ooa 12mo. volume of 310 pages, with 74 ill us. Cloth, $1.75. 

J Co.. Publishers, 706, 70S 6 710 Sansom Strait, Philad%\pK\a. 
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Caspari's Pharmacy.— In Press lor Early Issne. 

A Text-Book on Pharmacy, for Students and Pharmacists. By 
Charles Cahpabt, Jr, Ph.G., Pvd tma of tin Tlieorv and Practice of Pharmacy in the 
Maryland Collide if l'li;irni:Lcv, Joint Editor of The National Dispciwatory, fifth edition. 
In ona very h a niisoiue octavo volume, richly illustrated. 

The author is widely known as joint edit"r »f T/u XotiontU Ditpeniatory (sec neit page.i 
and as ProfWor nf Pharmacy in one of the foremost pharmaceutical colleges in AmTio. 
He II therefore txoestloaally qualified to prepare n work <if the highest merit, both u a 
text-book for students, and as a pnetiaa] reference Rw pharmacies in all the multifarions 
detail!) if their operations. Modern in every particular: convenient in site through avoid- 
ance of obsolete and nnnnnfiinrj matter, richly illustrated and Issued at a reasonable price. 
Catpuri'i Phtirviacji is equally ;L«surci! <■( immediate popularity with pbarmaitisla and of 
adoption U ttu itaaUKl teXMKMk f"r pharmaceutical students. 

Vanghan & Novy on Ptomaines and Lencomaines— New Ed. 

Ptomaines, Leuoomatnes and Bacterial Protaids; or the Chemi- 
cal Factors in the Causation of Disease. By Victor C. Varan ax, Ph. IX, 

M. D., Professor of Physiol. .j:i. ;i[ mul P;ithol .-io;il (.'lieiiiiMrv, :inii Associate Professor of 
Therapeutics and Materia Medicn in the University of Michigan, and I'REDKRICIC 1j. 
Novy, M. D., Instructor in Hygiene and Physiological Chemistry in the University of 
Michigan. New (third) edition. In one l"2uio, volume of about 400 pages. In prrtt. 
A notice of the previous issue is appended. 
This book Is one that Is of the greatest Import- | *nd ^unitarian. It contains Information wlilcii 
ance. lii! the mudern [ihystcten who aceeplD Is not es-ily obtained elsewhere, and wbleb w 
bacterial pathology cannot have a complete of a kind thai no medical thinker .houM M 
Irno-lcdgeof thls-object unless lirhu carefully «tlhout,— Tht American Journal of t/u Viiinl 
perused it. To the toxicologic the subject In i Seitntti. 
alike of great Import, an well »b to the hyglealst I 



. 



Remsen's Theoretical Chemistry.— Fourth Edition. 

Principles of Theoretical Chemistry, with special reference 
ntitution of Chemical Compounds. By Ir.i Hempen, M. D., Ph. D., Professor of Chem- 
istry in the Johns Hopkins l_ niversity, Baltimore. Fourth and thoroughly revioed edi- 
tion. In one handsome royal 12mo. volume of 325 pages. Cloth, $2.00. 

The fourth edition of P iofa ea or Remsen's well- Intion Into German and Italiao speaks for Itaet- 
known book comes ngeln, enlarged and retard, ulted BoalUa — ' 
Each edition hasenhsneed its laV ■"- 



J scarcely : lit* 

equalled by any other In uny language, lis trnos- of 



I by any other In a— '" 



Charles' Physiological and Pathological Chemistry. 

The Elements of Physiological and Pathological Chemistry. A 

Handbook for Medical .Students and Practitioners. Containing a general account of 
Nutrition, Foods ami Digestion, Mid the Chemistry of the Tissues, Organs, Secretion* ami 
Excretions of the Body in Health and in Diseime. Together with the methods fur pre- 
paring or separating I heir chief oonstiluents, as also for their examination in detail, mi 
an outline syllalni~ nf ;i practical course of instruction fur students. By T. CkanstoCII 
Charles, M. D., F. R. S., M. S„ formerlv Assistant Professor and Demonstrator of Chem- 
istry and Chemical Physics, Queen's College, Belfast. In one handsome att* 
of 463 pages, with 38 woodcuts and 1 colored plate. Cloth, t 3.50. 
Dr. Charles Is fully Impressed wild the Impor- nomuUvs, It. GfaajrlM has detoted 
' ' andhe to the elucldatlt 



l» treated it In n i!r-.n ,,..-! .■[-,] uTi.l iii-lriicm-o crirji- (hi- with mnrh deli.il, snd yel In a l.rmrtl 
ir. We cannot rei-(.!i,n,ei,.l a belter l-v.k II, an I moll In it, I" nihil', er In feet, the autW h 



.1. msny praclloaJ him-.- M 
bookn.andlhallsathlugwhkhcanrarelybesald ard. 

Hoffmann and Powers' Analysis. 

A Manual of Chemical Anal y bib, as applied to the Examination 
cinal Chemicals and their Preparations. Being a Guide for the Determination 
Identity and Quality, and for the Detection of Impurities and Adulterations, Fur the 
use of Pharmacists, Physicians, Druggists and Manufacturing Chemists, and Pharmaceu- 
tical and Medical Student*. liy pRErnxii K Hoffmann-, A. M.. Ph. D-, Puhlie Amtli 
the Slate of Sew York, and Frederick B. Power, Ph. D., Professor of Analytical C 
irtry in the Philadelphia College of Pharmacy. Third edition, entirely rewritten 
much enlarged, in one octavo volume of 621 pnges, with 179 illustrations. Cloth, %■ 

Ralfe's Clinical Chemistry. 

Clinical Chemistry. By Charles B. Rai.fe, M.D., F, It.C. P., Aasurtant 

Physician at the London Hospital. In o 

I 16 iJlus. Limp cloth, reel edges, f 1.50. 

Lea Brother-* & Co., Pubiiehtra, 706, 708 «■ 710 Sansom Street. Philadelphia. 
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NEW AND THOROUGHLY REVISED EDITION. 

The National Dispensatory. 

Con tn in in,' tlse Natural I lislory, Chemistry, Pharmacy, Actions and Uses of Medi- 
cines, including those recognized in the Pharmac. >po;ia= of the United Slates, Great 
Britain and Germany, with numerous refer™ res to the French Codex. By Alfred 
BTII.LE, M. D., LL. 1) , Professor Emeritus of the Theory and Practice of Medicine and of 
Clinical Medicine in the University of Pennsylvania, JoHK M. Mdscii, Phar. D,, late 
Prui'essor of Materia Medici and Botany in Philadelphia College of Pharmacy, (Secretary 
to the American Pharmaceutical Association, Chaki.es Caspar:, Jr., Ph. G., Professor 
of Pharmacy in (lie Maryland ( allege ( .f Pharmacy, Baltimore, and Hesry C. C. Ma1£cH, 
Ph. G., Ph. D. New (fifth) edition, thoroughly revised in accordance with the new U.S. 
['harmaeopceia (Seventh Decennial Revision, l-' 1 !). In one magnificent imperial octavo 
volume of 1910 pages, with 320 engravings. Cloth, $7,25, leather, J8.00. With Ready 
Reference Thumb letter Index, doth, $7.75 ; leather, $8,50. 

ON the first appearance of The National Dispensatory fifteen years ago it was at ones 
recognized by the pharmaceutical anil medical professions as satisfying the need 
for a work affording ail necessary information upon Its subject, with authoritative 
accuracy, and with a completeness and convenience attainable only by the exclusion of 
obsolete matter. Ita success in tilling this want is fully attested by the rapid demand for 
five editions, and the "ppnri'iahy thus afforded has been well used in successive revisions, 
each placing it abreast of the day and maintaining the ch a racier istics which had won for 
it a leading position. 

Of all its issues the present embodies the results of the most exhaustive revision, 
sweeping changes in the new United States Dm lMHl[mll are thoroughly incorpor- 
ated, with official authorisation of the Committee of Revision, and full use baa been made 
of all valuable material in the latest issues of foreign Pharmacist ins. The volume is 
accordingly rich in pharmaceutical and cbemicil information, with data, formulas, tables, 
etc, gathered from all official sources, but this constitutes only a. single department of ita 
tfuluess. As an erv >'.l"p:i' lia of the latest and best therapeutical knowledge it deals 
__t only with oil official drugs, but also with all the new synthetic remedies of value 
and with the unofficial prep trillions now so largely in use. Pharmacists will appreciate 
it* systematic descriptions of the materia medio*, its clear explanations of chemical and 
pharmaceutical processes and tests, and its illustrations of important drugs and of the 
most improved apparatus. Physicians will readily perceive the indispensable assistance 
offered by its authoritative statements u to the efficacy or drugs in the light of the most 
ecent medical advances. Arranged alphabetically in the text, this information is 
ilaced most suggestively at command by the recommendations grouped under the various 
Jiseases in the Therapeutical Index. Together with the General Index this covers more 
_han one hundred treble-oolumned pages containing 25,000 references. The immensity 
of detail compiised in this single vulume of HKlO pages is thus most forcibly indicated. 
Though lb(.' present edition contains far more matter than its predecessor It is maintained 
at theseme price in view of the ever- increasing demand. Weights and Measures are 
given in both Ordinary and Metric Systems. 

In hrief the new edition of I7tc National DispesMiory is presented tu the medical 

1 pharmaceutical professions a- the c. 1 1 1 i v ib-ut of n whole library of pharmaceutical and 

therapeutic information : it is the standard of accuracy, the embodiment of completeness 
ithout inconvenient hulk, and a marvel of cheapness, owing to the widespread demand 
ir it H the authority. 

The careful examination of this large volume I vised with aqua] ears mud the •tatements of tha 
wit! strike trie reader with surprise at ihe great action and Beta lisie tieeu arranged not only 
numbsrof naw articles added, and the amount of ul pti^lwt icul I v under (he •srlou- drugs, but for 
u-eful and eccuiate Information re Kurd I at- their practical medical ii»efnlne«haTealsob*enplaced 
properties, method- of preparation and therapeu- ' at the Instant command of those seeking lofor- 
Itoal effects. The Urge number of new articles msiion in the treatment of special dlmeuei by 
containing ill the latest svnthetlc remedies and being arranged under the various diseases In a 
uoofflela) remedies, compass the entire range of therapeutics) Index. The readiness with which 
available Information te the Tine of tt ■ 

appendix, dexesalthe end of the lolumfc- fijli.n MvtUnI 

1« hi((b <ind Sur^t:!' 1 Journal. 

• J '"-Ineortiel.! niuU f r th» me. Ileal and Bhar- 
ttlcal profession*.— Buffalo Mutual and Air- 






tha pharmacist and physician- Every druggtat 
known of It and uies It, and almost every physi- 
cian properly consults ii when 'Ic-irni- -f settling 
all doubtful questions regarding the properties, 
preparation and uses of drugs.— Naticat Brrord. 






I The descriptions of materia medlca are clear, Thlsedlllonr.f theDlspensatorTshouldbereeoa- 
thorongh and svstematic, >n iu- »l-. th* ei|.Hn:i- nized a« a national ■undard.— Tl.t North .tnerunn 
Uons of chemical and pfiarmaeeuileal processes /'■ . 
and testa. The therapeutical portion has been re- . 
tea Brothers t Co., Publithtn, 706, 708 t 710 Santow Street. WiVadelphio. 



12 Therapeutics, flateria fledica — (Continued). 

Hare's Text-Book of Practical Therapeutics.— Fourth Edition. 

A Text-Book of Practical Therapeutics ; With Especial Reference t 
the Application of Remedial Measures to Disease and their Employment upon a Ratiom 
Basis. By Hob art Amory Hare, M. D. f Professor of Therapeutics and Materia Medic 
in the Jefferson Medical College of Philadelphia ; Sec. of Convention for Revision of U. i 
Pharmacopoeia of 1890. With special chapters by Drs. G. E. de Schweinitz, Edwab 
Martin and Barton C. Hirst. New (-1th) and revised edition. In one octavo volum 
of 740 pages. Cloth, $3.75 ; leather, $4.75. 

We deem the portion of the work descriptive of , practical needs of e very-day medicine con 
remedies admirable by reason of the clearness : mended it from the first to trie progressive an 
and conciseness with which it is written. The ! working therapeutist. It is not only knowia 
descriptions of diseases, though exceedingly , what to give, bat when and where to give, an 
brief, are nevertheless sufficiently explicit and so how the drug will act In given conditions, tin 
expressed a* to render the work a very practical j makes one a scientific practitioner rather than I 
text* book, and also one which will serve prac- ! ignorant empiric The book in such respte 
titioners for ready reference. The methods of i supplies every need. The author is well know 
treatment are at once sensible and practical. The ! as a progressive therapeutist, and it goes wiihof 
more experienced the practitioner who turns to saying that all the new or valuable drugs reeaii 
this book for reference, the more sure will be the their full share of attention, and it is a great de 
approval of the methods of treatment here pro to say in this, as with other features, that the hoc 
posed.— The North American Practitioner, Oct., '94. is up-to-date in everything pertaining to the pra 

The fact that the fourth edition of this work has tical therapeutical needs of the practitioner. Tl 
appeared within four years attests its value to the work has also been revised in such a way as 
general practitioner, and its appreciation by the make it uniform with the United SinUt Pharm 
medical student. Its wide application to the ' rojxcia. — Medical Record, October 20, lf«H. 

A System of Practical Therapeutic 

BY AHERICAN AND FOREIGN AUTHORS. 
Edited by HOBART AHORY HARE, n. D. 

Profettorof Therapeutics and Materia Medica in the Jefferson Medical College of Philadelphia. 
In a series of contributions by seventy-eight eminent authorities. In three lar| 
octavo volumes of 3544 page*, with 434 illustrations. Price, per volume : Cloth, $5.01 
leather, $6.00 ; half Russia, $7.00. For sale by subscription only. Address the Publitka 
Full prospectus free to any address on application. 

The various divisions have been elaborated by is the treatment of disease, and a work which oo 

men selected in view of their special fitness. In tributes to its successful management is to 1 

every cave there is to be found a clear and concise looked upon as of vast use to humanity. Itca 

description of the disease under consideration, not be denied that therapeutic resource*, wheth 

corresponding with the most recent unil well- the treatment be confined to the mere admioi*ir 

established vn-ws of the «uhject. In treating of tion of drugs, or allowed its more extended app 

the employment of remedies and therapeutical cation to the management of dinea.se, have 

mea-ures, the writers have been -ingulaily happy greatly multiplied within the last few years as 

in giving in a definite way the exact methods em- render nrevious treatises of little value. Hers 

ployed and the results obtained, both by them- will be found the great value of flare's encycl 

selves aud others, -» that one might venture with pedic work, which groups together within »!»ing 

confidence. to use remedies with which he was series of volumes the most modern metho 

previously entirely unfamiliar. The practitioner known in the management of disease. We ct 

could hardly desire a book on practical thera- not commend Hare's System of Practical Ther 

peutic> which he could consult with m«»re interest ptuiiea too highly; it stands out first and forernc 

and profit. — The X->> -th Ain\ricnn Practititiuc. a* a work t" be consulted hy authors, teachei 

The scope of this work is beyond that of any and physicians throughout the world.— B''ft 

previous one on the Mibject. The goal, after all, Med'm/ and .S'^r./icr' Juur-ia l . 

Maisch's Materia Medica — New (6th) Edition. 

A Manual of Organic Materia Medica; Being a Guide to Materia Medi 

of the Vegetable and Animal Kingdoms. For the Use of Students, Druggists, Pharmacic 

and Physicians. JJy Joiix M. Malsch, Phar. L)., Prof, of Materia Medica and Botany 

the Philadelphia College, of Pharmacy. New (sixth) edition, thoroughly revised. In 01 

very handsome. 12mo. volume of 514 pages, with 270 engravings. Cloth, $3.00. 

A notice of the previous edition is appended. 

We have nothing but praise for Profe-^or of Organic Materia Midim a-> oneof the best, if c 

March's work. It presents no weak point, even the best work on the subject thus far punli«h« 

for the most severe critic. The book fully sustains It-* usefulness cannot well be dispensed with, a: 

the wide and well-earned reputation of its popular students, druggists, pharmacists and phy.*ici* 

author. After a careful perusal of the book, we should all possess a copy of such a vfthial 

do not hc.-itate to reeommend MaNch'* Manual book. — Mfdirnl Xac*. 

Edes' Therapeutics and Materia Medica. 

A Text-Book of Therapeutics and Materia Medica. Intended for tl 
U«*e of Students and Practitioners. \\y Koiiekt T. Edes, M. D., Jackson Professor 
Clinical Medicine in Harvard University. Octavo, 544 pp. Cloth, $3.50 ; leather, $4.£ 

COHEN'S llANI'I'.OOK »>F APPLIED TH Kit A- with illustration*. P/vpor.m;. 

PEITICS. Ib»ingaStiidy of Principle* Applie- STILLE'3 THERAPEUTICS AND MATER 

able and an Exposition of Methods Employed MEDICA. A Sy^eniati:* Treatise on the Acti- 

in the Management of the Siek. Bv Sch-mi.-v and Uses of Medicinal Agents, including tin 

S-ii.is-CnnrN, M D., Profcs.-or of Clinical Medi- Description and History. Fourth edition, I 

cine and Applied Therapeutic." in the l'hiladel- vised and enlarged. In two octavo volaine«,co 

pbift Polyclinic. In one larire lumo. volume, tabling VXM) pages. Cloth, 310.CN); leather, 512.1 

Lea Brothers & Co., Publishers, 706,708 &710 Sanson* Street, Philadelphia. 



Its peculiar excellences and Its breadth of con- 
ception hare made it a recognised authority from 
the time its first edition appeared. The author 
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NEW (SEVENTH) EDITION. 

FLINTS PRACTICE OF MEDICINE 

A Treatise on the Principles and Practice of Medicine. Designed 
for the use of Students and Practitioners of Medicine. By Austin Flint, M. D., LL. D., 
Professor of the Principles and Practice of Medicine and of Clinical Medicine in Belle- 
yue Hospital Medical College, N. Y. New (7th) edition, thoroughly revised by Fred- 
erick P. Henry, M. D., Professor of Principles and Practice of Medicine in the 
Woman's Medical College of Pennsylvania, Philadelphia. In one very handsome octavo 
volume of 1143 pages, with illustrations. Cloth, $5.00; leather, $6.00. 

Among the large number of new books upon the 
practice of medicine which have been presented 

to the profession within the last few years, there 

a born teacher, an indefatigable observer, a i is none which will stand better In the present or 

GJnataking worker and a thorough medical phi- , in the future than the seventh edition of this 
lopher. Hit* clinical pictures of diseases are i book. It has been a characteristic of Dr. Flint's 
models of graphic description, minuteness of i book that its descriptions of clinical cases and of 
detail and breadth of treatment This may appear the practical side of diseases hare always been 
to be high praise, but the work has so well earned wonderfully true to life. Further than this, we 
its leading place in medical literature that but one think the profession is to be congratulated that 
view can be expressed concerning its general the publishers, in obtaining an editor, chose one 
character as a text-book. The editor has done his so peculiarly well qualified to revise and bring np 
part in bringing it up to date, not only in refer- to date those articles in connection with wnloh 
ence to treatment and the adaptation of the newer the greatest progress has been made in medical 
remedies, but has made numerous additions in i study, for Dr. Henry represents at once that side 
the shape of the newly discovered forms of disease, '. of professional life which appreciates all that is 
and has elaborated much in the commoner forms good and at the same time is not so optimistic as 
which the recent advances hare made necessary, to swallow in addition much that Is bad. We be- 
The element of treatment is by no means ne- Here that the profession, the teachers, and the 
glected ; in fact, by the editor a fresh stimulus is students of the country will appreciate this volume 
siren to this necessary department by a com pre- as being one of the best all-around text-books 
nensive study of all the new and leading there- which they can obtain.— Therapeutic Gazette, Oo> 
peutic agents.— Medical Record, October 20, 1904. tober 1. r >, lM»i. 

Hartshorne's Essentials of Practice.— Fifth Edition. 

Essentials of the Principles and Practice of Medicine. A Handbook 
for Students and Practitioners. Bv H!enry Hartshorne, M. D., LL. D., lately Professor 
of Hygiene in the University of Pennsylvania. Fifth edition, thoroughly revised and 
rewritten. In one 12mo. vol. of 669 pages, with 144 illus. Cloth, $2.75 ; half leather,*$3. 

Farquharson's Therapeutics and Materia Medica.— 4th Ed. 

A Guide to Therapeutics and Materia Medica. By Robert Fab- 
qcharson, M. D., F. R. C. P., LL. D., Lecturer on Materia Medica at St. Mary's Hospi- 
tal Medical School, London. Fourth American, from the fourth English edition. 
Enlarged and adapted to the U. S. PharmacoiMBia. By Frank WoodbItry, M. D., Pro- 
fe«or of Materia Medica and Therapeutics and Clinical Medicine in the Medico-Chi- 
rurgical College of Philadelphia. In one handsome 12mo. vol. of 581 pp. Cloth, $2.50. 
It may correctly be regarded an the most modern , copoBia*, ** well as considering all non-offlcial bat 
work of its kind. It in concise, yet complete. Important new drug*, it become* in fact a miniature 
Containing an account of all remedies that have dispensatory.— Pacific Medical Journal. 
a place in the Britinh and United State* Pharma- I 

Brace's Materia Medica and Therapeutics.— Fifth Edition. 

Materia Medica and Therapeutics. An Introduction to Rational Treat- 
ment By J. Mitchell Bruce, M. D., F. K.C.P., Physician and Lecturer on Materia 
Medica and Therapeutics at Charing-Cross Hospital, London. Fifth edition. In one 
12ino. volume of 591 pages. Cloth. $1.50. See Students' Series of Manuals, page 30. 

The pharmacology and therapeutics of each drug : part of the book contains an outline of general 
are given with great fulne**, and the indications for therapeutics, each of the symptoms of the body 
its rational employment in the practical treatment being taken in turn, and the methods of treat- 
of disease are pointed out. The Materia Medica merit illustrated. A lengthy not lee of a book so well 
proper contain* all that 1* necessary for a medical known 1m u n necessary .— Ju#d. Chronicle. 
student to know at the present day. The third i 



FLINTS PRACTICAL TREATISE ON THE , FEVER. In one octavo volume of 808 pacts. 

DIAGNOSIS, PATHOLOGY AND TREATMENT ! Cloth, 82.M. 

OF DISEASES OF THE HEART. Second re- LA ROCHE ON YELLOW FEVER, In Its Hlstorl- 
vi*ed and enlaced edition. In one octavo rol- cal, Pathological, Etiological and Therapeutical 
ume of MO page*, with a plate. Cloth, 84. Relation*. Two octavo volft_146* pp. GMta-fTM. 

FLINT ON PHTHISIS In one octavo rolume BKUNTOX'S PHARMACOLOGY, THEBAPKU- 
of 442 paces. Cloth, 83 fio. TICS AND MATERIA MEDICA. Ottoer — * 

FLINTS ESSAYS ON CONSERVATIVE MEDI- pages, 230 Illustrations. 

CINE AND KINDRED TOPICS. In one very HERMANN'S EXPBR1HF 1 
handnome royal 12mo. volume of 210 pages. OGY. A Handbook of *** 
Cloth. 11.38. the Physiological AT 

LYONS' TREATISE ON FEVER. In one fro. with the Author's ■ 
volume *>f 3R4 page*. Cloth, 82.^5 riTr siiltinas. hj 

HUDSON'S LECTURES ON THE STUDY OF 199 pages, mfiE 8T 

Lea Brothers A Co., Publishers, 706, 708 4 710 



Prac. of Hedicine, Treatment, Digestive Syst. 
Lyman's Practice of Hedicine. 

The Principles and Practice of Medicine. For the l.'te of Medical 

Students and Practitioners. Bj Henry M. Lyman, M. D., Professor of the 

lush Medical College, Chicago. In one verr handsome octavo 
L Cloth, $4.75; leather, $o.76. 

weertain to ■ short limn ill the b«b>«j fuel* 
.___ loooernlnji the palbology ot treatment of any dl»- 
ierr raluable both to college students and physi- tu> will Sod here a safsaDd vomenlem guide.— 
-'- Tht Charlotte Malital Journal. 

The reader ot the above volume will be U ones 
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The Tear-Book of Treatment for 1895. Just Ready. 

A Comprehensive and Critical Beview for Practitioners of a 
cine and Surgery, in one 12mo. vol. of 485 pages. Clolh, $1.60. 

„% For B[iecial commutations with periodicals see pages 1 and 2. 
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The Tear-Books of Treatment for 1891, 1892, and 1893 

12moa., 485 pages. Cloth, $1.50 each. 

The Tear-Books of Treatment for 1886 and 1887. 

Similar to tilxjve, Il'iium-., :W0-3il pages. Cloth, $1.25 Bach. 

Habershon on the Abdomen. 

On the Diseases of the Abdomen; Comprising thoseof theSlotiia.eh,«n(i 
other partaof the Alimentary Canal, CE»ophagi is, ('tecum, intestines and Peritoneum. Rv 
8. 0. Habebshon, M. D., Senior Physician to and late Lecturer on Principh ■ 
tice of Medicine at Guy's Hospital, London. Second American from third enlarged and 
revised English edition, lu one handsome oct a ro vol. of 654 pages, with ill lis. Cloth, $3.50, 
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IMPORTANT DISEASES. 
M. D. Edited by Pains B. 
edition, tamo. MT n»H. i ... 
WALSH E ON THE DISEASES OF THE HEART WATSOI 
AND GREAT VESSELS. "■ ' 



OK CLINICAL MEI'ICINE. Being a Guide to 
the Investigation of DtMUB. 
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TIONB. 1 Tol. ItO., PD.4M. Cloth, tS.AO. 

TODD'S CLINICAL LECTDHES ON CERTAIN PEPPER 1 

ACUTE DISEASES. In one octavo volume of i CI.NE " 

HO Dace*. Cloth, t! w. I VI an. 

FLINTS PRACTICAL TREATISE ON THE Profen 
PHYSICAL EX i'l ■■■>!: ATM.% ■»•- THECHEST 
AND THE DIAGNOSIS OF DISEASES AP- 
FECTlNli THE RESPIRATi.Htl '.'l.'.ANS. 
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■agger's Medical Diagnosis. 

A Practical Treatise on Medical Diagnosis For the Use of Students 
and Practitioners. By John II. Musser, M. D., Assistant Professor of Clinical Medicine, 
University of Pennsylvania, Philadelphia. In one very handsome octavo volume of 873 
pages, with 162 illustrations and 2 colored plates. Cloth, $5; leather, $6. 

The aim of the author has been to make ! formation essential to good, scientific medical 
the work eminently practical. Dr. Musser work. It Is with pleasure that we can state that 
has succeeded in bringing together a large and the work has been adopted as a text-book at the 
Taluable collection of clinical data drawn from his Johns Hopkins Medical School and Harvard Uni- 
own extended experience and from exhaustive Tersity, and that it has met with marked approval 
literary research, and has presented them in an In other teaching centres.— International Medical 
unusually clear and concise manner. In brief, Magazine. 

the book is thoroughly modern, readable and in- The whole book impresses one as being the 
•tractive, and, we believe, superior to any work of concentration of a very thorough knowledge of 
the kind before the profession.— University Medical i all the fact? resorted to In the making of a careful 
Magazine. i diagnosis by means of modern methods. Dr. 

Modern methods of medical teaching and study ' Musser's book will at once take a prominent and 
hare rendered treatises like the present an abso- permanent position among the text-books of the 
lute necessity. The present work is to be com- medical schools of the country, and we recom- 
mended alike for its logical arrangement, accurate mend it most highly to those practitioners who 
observation and clearness of expression. The wish not only to get the views of the general pro- 
chapter on bacteriology is especially com men da- fession in regard to important points of diagnosis, 
bio, because it contains everything practically but who also desire a work in which the author 
necessary for clinical work..— Medical Record. ' expresses his own opinions, based upon careful 

The book should receive a hearty reception from observation and wide experience. — The Thero- 
students and medical men ; it contains much in- pcutie Qautle. 

Flint on Auscultation and Percussion.— Fifth Edition. 

A. Manual of Auscultation and Percussion ; Of the Physical Diagnosis 
of Diseases of the Lungs and Heart, and of Thoracic Aneurism. By Austin Flint, M. D., 
LL. D., Professor of the Principles and Practice of Medicine in Bellevue Hospital Medi- 
cal College, New York. Fifth edition. Edited by James C. Wilson, M. D., Lecturer 
on Physical Diagnosis in the Jefferson Medical College, Philadelphia. In one hand- 
some royal 12mo. volume of 274 pages, with 12 illustrations. 

WMtla's Dictionary of Treatment 

A Dictionary of Treatment ; or Therapeutic Index, including 

Medical and Surgical Therapeutics. By William Whitla, MlD., Professor 

of Materia Medica and Therapeutics in the Queen's College, Belfast. Revised and adapted 

to the United States Pharmacopoeia. In one square, octavo vol. of 917 pp. Cloth, $4.00. 

We hare already dictionaries of medicine and the younger practitioner will find in it exactly the 

dictionaries of surgery; Dr. Whitla now provides help he so often needs In the treatment both of 

us with a dictionaryof treatment And reference those who are ill, and those who are ailing. At the 

to the volume shows that it really in what it same time the most experienced members of the 

professes to be. The several diseased condi- profession may usefully consult its pages for the 

tions are arranged in alphabetical order, and purpose of learning what is really trustworthy in 

the method*— medical, surgical, dietetic, and the later therapeutic developments. The Diction- 

climatic— by which they may be met, considered, ary lb, in short, the recorded experience of a prac- 

Oo every page we find clear and detailed dlree- tlcal scientific therapeutist, who has carefully 

tions for treatment supported by the author's studied diseases and a isorders at the bed-side and 

personal authority and experience whilst the In the consulting-room, and has earnestly ad- 

reoommendations of other competent observers dressed himself to the cure and relief of his 

are also critically examined. The book abound" patients.— The Olaegcto Medical Journal. 
with useful, practical hints and suggestions, and 



Taylor's Index of Medicine— Just Ready. 

An Index of Medicine. By Seymour Taylor, M. D., M. K. C. P Assistant 

Physician to the West I^ondon Hospital, in one 12mo. vol. of 802 pages. Cloth, $3.75. 

The author has prepared a work of gre.it value systems of the body are considered, and the 

alike to physician* and students. The volume is cause, symptoms, pathology, treatment and 

a concise "Practice of Medicine," the diseases prognosis of each affection are succinctly stated, 

being grouped systematically in order to secure Numerous illustrations together with tabulations 

for the reader the many advantages resulting of differential diagnosis, tests, etc., elucidate the 

from rational arrangement. After valuable chap- text and condense a great amount of necessary 

tern on "Disease," "General Pathology ." "Oen- knowledge in the clearest manner. The work is 

erul Diseases," " Specific Infectious Diseases" one which merits and will doubtless obtain a 

and "Specific Fevers," the various organs and wide popularity.— The St Louie Ginique, May, 1895. 

FothergilTs Handbook of Treatment— Third Edition. 

The Practitioner's Handbook of Treatment; Or, The Principles of 
Therapeutics. By J. Milnek Fotheroill, M. D., Edin., M. R. C. P. ? Lond., Physician 
to the City of London Hospital for Diseases of the Chest. Third edition. In one 8vo. 
volume of 661 pages. Cloth, $3.75 ; leather, $4.75. 

This is a wonderful book. If there be such a together in a single chapter, aad the relations 
thing as " medicine made easy," this is the work to , between the two clearly stated, cannot fail to prove 
accomplish this, result.— Virqinia Medical Monthly. . a great convenience to many thoughtful bat busy 

To have a description of the normal physiologi- physicians. The praettoeJ value or the volume is 
eal processes of an organ and of the methods of greatly Increased by the tatrodoetlon of many 
treatment of its morbid conditions brought prescription*.— Jew Tor* JMfeal JomrmmL 



BROAPBENT ON THE PULSE. In one 12mo. volume of Sit page* OeStJa. tUL See Arte qf 

Cltmcil Manual e % page .to. 

L§a Brothers A Co., Publisher*, 70S, 708 A 7f0 
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Hayem's Physical and Natural Therapeutics.— Shortly. 

Plivsical and Natural Therapeutics. The Remedial Dm of Heat, 

Electricity, Modifications of Atmosjihtric Pressure, Climates and Mineral Water*. Rv 
Georges Hay em, Professor of 'VltTiii-.il Medicine in the Faculty of M. .Ikine of Paris. 
Edited with the assent of the Author by Hobart Amobv II are, M.ft, Professor of 
Tin- rn pernios in the Jeffisaoo Medical College of Philadelphia. In one hami-ouie octivo 
volume Kith numerous ill list rations. 

importance of r i ■ ■ n l - a l h - ■ ■ 1 ' i i - ralnine 
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Heirick's Diagnosis.— Shortly. 

A Handbook of Diagnosis. Bv 

Prof, ol Me.litine, Rush Medic*] Coll., Chicago. 



Teo's Medical Treatment. 

A Manual of Medical Treatment or Clinical Therapeutics. _. 

1. EimNEY Yw , M. D., F.R.C.P., Prof, of Clinical Therapeutics in Kind's Coll., London. 
In two ]2mo. volumes containing 1275 page*, with illustrations. Cloth, $5.50. 
In Dr. Veo'- book the study of (he treatment of glreu with regard to diet, mode of lift, lad it 
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. Ktandard formula-i •: 



naafoL ud M the end of erery chapter ii added > useful, .'ugjsstt- 

UteBMotl Bt formulas from the wrfltnt^ of larloti* physician Mho w 

well-known phynirlaTi-. The work I- exceedingly adranrfd an " 

rjf the nrleoj methods IMitni Biee 

Teo on Food in Health and Disease. 

rood in Health and Disease- By I. Bcbney Y 

Professor of Clinical Thernpeuli. s in King's. Col We, Ixntdoii. Id 
590 pafces. Cloth, f- 00. ett Strict of Ctmwal ManuoU, page 30. 

Dr.Yeo supplies in a com pact form nearly all thai | compass, and ' ' 
the praetii loner requires to know on thesuhjectof materia'- — '' l 
diet. Ttjewrli I. divided Into two parts-food in We hi, 
- «■■-, has. gathered | oughly: 
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Bartholow on Cholera. 



Therapeutics and Ilvisiein' in tin; Jeflerson Medical College uf Phtladelph 
Volume of 127 pages, with 9 illustrations. Cloth, $1.25. 

The author lias sought to make a practical book und the latent therapeutical methods 
In the smallest compass. The symptoms and Iudi... Europe ami America 
pathology of Hie disease are described sonar- ten in the aiiiln.r'H ii-.ua! i.li 




Richardson's Preventive Medicine. 

Preventive Medicine. Bv B. W. Bichabdson, M. D., LL. D., P. I. 

low of the Royal Coll. of Ph vs., London. In one 8™. -oL of 729 pp, Cloth, «; leather .$6. 

HiUeotioo of data upon the latest and best knowledge oo tha iubjeov, and 
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MEDICINE AND SURGERY. By Boi 
RsKTHnrow. A.M.. M.tJ., LL.D., Emerilui rro- 
feasor of Materia Medlca und General Tliera. 
peutlc* in 11.- -: .-rT'-i -■■.. M<- 1.' ■■■:■ ■ 
ph!a,etc Third edition. In nnewtatorolume 
nf .ION «*es, with 110 Illustrations. 
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Seller on the Throat and Nose.— Fourth Edition. 

A Handbook of Diagnosis and Treatment of Diseases of the 
Throat, Nose and Naso-Fharynx. By Carl Seiler, M.D., Lecturer on 
Laryngoscopy in the University of Pennsylvania, Fourth edition. In one handsome 
12mo. volume of 414 pages, with 107 illustrations and 2 colored plates. Cloth, $2.25. 



This little book in eminently practical, and will 
pro?e of interest not only to the specialist, but to 
the general practitioner as well. It deals with the 
tubject in a clear and distinct manner, and the 
text is copiously illustrated with diagrams and 
colored plates. So little attention is paid ordi- 
narily to the examination of the larynx that the 
need of such a book has long been felt. By con 
suiting its pages anyone can learn the necessary 
manipulations, and, by a little practice, soon be- 



come expert in the use of the laryngeal mirror, a 
method of examination too often neglected. The 
anatomy of the larynx is explained with especial 
care, and the operatire procedures for rarlous 
diseases of the throat, tonsils, etc., are carefully 
explained. Approred methods of treatment are 
dealt with in a ?ery satisfactory way, and all the 
most useful remedial agents are described.— 
International Medical Magazine. 



Browne on the Throat and Nose.— Fourth Edition. 

The Throat and Nose and Their Diseases. By Lennox Browne, 
F.R.C. S., £., Senior Physician to the Central London Throat and Ear Hospital. 
Fourth and enlarged edition. In one imperial octavo volume of 751 pages, with 120 
illustrations in color, and 235 engravings on wood. Cloth, $6.50. 



The subject is here exhaustirely treated on 
lines of thorough acquaintance with the anatomy, 
inY 

are subject. To the author we have awarded the 
credit of having added to a thorough understand- 
ing of the diseases with which he deals the choice 
of the best treatment afforded by the present state 



lines ortnorougn acquaintance witn tne anatomy, 
the physiology and physics of the organs in?olYed 
and the pathology of the disease to which they 



of knowledge.— The Amer. Practitioner and Nence. 

Although quite complete enough for the use of 
specialists, it is at the same time so clear as to be 
ox daily ralue to the general practitioner, who will 
find at the end of the volume a number of well- 
tried formulas most in vogue at the London hos- 
pitals for diseases of the throat— The Canada 
Medical Record. 



Mackenzie on the Nose and Throat— Preparing. 

The Diseases of the Nose and Throat. By John Noland Macken- 
zie, M. D M Lecturer on Laryngology in the Medical School of the Johns Hopkins Uni- 
versity, Clinical Professor of Diseases of the Throat and Nose in the University of 
Maryland, Baltimore. In one octavo volume of about 600 pages, richly illustrated. 

Take on the Influence of the Mind on the Body. 

Illustrations of the Influence of the Mind upon the Body in 
Health and Disease. Designed to elucidate the Action of the Imagination. By 
Daniel Hack Tuke. M. D., Joint Author of the Manual of Psychological Medicine, 
etc. New edition. Thoroughly revised and rewritten. In one 8vo. volume of 467 pages, 
with 2 colored plates. Cloth, $3 00. 

It is impossible to peruse these interesting chap- ! method of interpretation. Guided by an enlight- 
ters without being convinced of the author's per- ened deduction, the author has reclaimed for 



feet sincerity, impartiality, and thorough mental 
grasp. Dr. Tuke has exhibited the requisite 
amount of scientific address on all occasions, and 
the more intricate the phenomena the more firmly 
has he adhered to a physiological and rational 



science a most interesting domain in psychology. 
preTlously abandoned to charlatans and empirics. 
This book, well conceWed and well written, must 
commend itself to e?ery thoughtful understand- 
ing. — New York Medical Journal. 



Clonston on Mental Diseases. 

Clinical Lectures on Mental Diseases. By Thomas S. Clouston, 
M. D., Lecturer on Mental Diseases in the University of Edinburgh. With an Appen- 
dix, containing an Abstract of the Statutes of the United States and of the Several 
States and Territories relating to the Custody of the Insane. Bv Charles F. Folbom, 
M. D., Ass't Professor of Mental Diseases^ Med. Dep. of Harvard Univ. In one octavo 
volume of 541 pages, with eight lithographic plates, four of which are colored. Cloth, $4. 

Dr. Folsom's Abstract also separate, in one 8vo. vol. of 108 pages Cloth, $1.50. 



The descriptions of the diseases and eases are I and descriptions glren as to the practical man- 
simple and practical, but true; and one sees as he ! agement and care of the cases. We can heartily 
reaaM that they are glren by one perfectly familiar .recommend it to the student and busy general 
from daily obserTAtion with the cases and diseases , practitioner. Dr. Folsom's work greatly increases 
he Is speaking of. One feature of the book which the ralue of Dr. Clouston'* book for the American 
commends It highly, and which is not to be found practitioner— Archive* of Medicine. 
in any other work on mental diseases, 1* the hints 

Playfair on Nerve Prostration and Hysteria. 

The Systematic Treatment of Nerve Prostration and Hysteria. 

By W. S. Playfair, M. D., F. R. C. P. In one 12mo. volume of 97 pages. Cloth, $1.00. 



BROWNE ON KOCH'S REMEDY IN RELATION 
TO THROAT CONSUMPTION. In one octa?o 
Tolume of 121 pages, with 46 illustrations, 4 of 
which are colored, and 11 charts. Cloth, $1.60. 

FULLER ON DISEASES OF THE LUNGS AND 
AIRr PASSAGES. Their Pathology, Physical Di- 
agnosis, 8ymptoms and Treatment From the 
second and revised English edition. In one 
octaro volume of 476 pages. Cloth, $3.60. 

BLADE ON DIPHTHERIA; Its Nature and Treat- 
ment, with an account of the History of its Pre- 
iser Brothers 4 Co.. Publishers, 700 



ralonce in Tarlous Countries. Second and revised 
edition. In one 12mo. rol., 168 pp. Cloth, $1.26. 

8MITH ON CONSUMPTION ; its Early and Reme- 
diable Stages. 1 ?ol. 8to., 263 pp. Cloth, $2.26. 

LA ROCHE ON PNEUMONIA. 1 vol. 8to. of 400 
pages. Cloth , $3.00. 

WILLIAMS ON PULMONARY CONSUMPTION; 
Its Nature, Varieties and Treatment With an 
analysis of one thousand cases to exemplify its 
duration. In one 8to. toI. of 308 pp. Cloth, $2.60. 

* 7 1Q Sansom Street Philadelphia. 



18 Nervous and flental Diseases, Histology. 

Dercnm on Nervous Diseases.— In Press. 

A Text-Book on Nervous Diseases. By American Author*, Kdiieil 
hv F. X. Pkkci'M, M. P., Clinical I'mfenBor of Ih'geattefl of the Xervoiia Nyatem in the 
.!«• Hereon Medical College, Philadelphia, in one handhome octavo volume of ahout 
1(HM> pageN, profusely illustrated. 

LIST OP CONTRIBUTORS. 

N. K. I .km i, M.l». H Win; Mii<-iii.n. < M.I». 

i ii \ki if W. Iti mi, M l>. «". A. Mi 1:11 ii, M.I>. CiiAin i> A. ' ii ivkii, M.l». 

J. -Mil ('••II IMh, M.l». <i»."ld.l. W. .1 A< "M, M.P. WlllIlM «»-|.| ||, M.|». 

I'H«HII» I.. I'kNV, M.l». WllIMM W. Kl IN. M.D. Kld.HI.ISll k Till k-'-N, M.I'. 

I'. X. lMiii«M,M I>. I'nii ii « «->mii-» K n \ri-. M.I». M»i[ii>% I*i:in> i, M.I', 

iti ii. K in SumiiMiz, M.l». J \m\- Mi m>i.ii I.i<m», M.i>. W:i\i:r<i> Sihki > it M.P. 

K. I». Ki-iim!, M.l>. riiuju* K. Mm\ M.l». M. Aui\ (maiih. M I>. 

I-im-'N <"u;ii « <tim, M.I». ,1 tuu<'. Wii.mix, M.I». 

Gray on Nervous and Mental Diseases. 

A Practical Treatise on Norvous and Mental Diseases, tty 

Landon Cautku (iiiAY, M. !>., Professor of I>iseaxe* of the Mind ami Nervous System 
in the New York Polyclinic In one very handsome octavo vol nine of (581 pagesj with 
1#»S illustration*. Cloth, $4 50; leather, $">.o0. 

Mitchell on Nerve Injuries and Their Treatment— In Press. 

Romoto Consequoncos of Injuries of Nerves and Their Treat- 
ment. An examination of the present com! it ion of wounds receive*! in ]K63--> *, with 
additional illustrative case* Ily .Ioiin K. MrrniKi.L, M. !>., Assistant l'liyaician to the 
< >rLhopn>dic Hospital and Inlirnuiry for Nervous I)'iHea«eH, Philadelphia. In one ham !• 
sDine 12mo. volume of 2IW page*, with 12 illustration*. Cloth, $1.7">. Ju*t rewhj. 

Tin 1 aiitlior has flioH-ii a suhjeel nf trreat clinical importance lo phvsieiaus a* well :i* to 
^uiu'i iiii^. Injuries i if tin- n>-rM"> ;irf i^iiiiiiion in civil as well as in military lif«* and h-:nl in 
varimi* painful and intrnetalile ennditiuus Dr. Mitehell has had im-ci-w to "mi l henlic neonls 
n>M-riii'_ r thirty yiar-, and his re«rnrchi"* arrive al iiii]Mirfjnit n*siiItN Inih^mI i||hiii an atn|»le 
uimiiImt i»f ra-r*- iinili-r uliMTvatiuti fur a pmlniiiriil }ieri<id. 

Ross on Diseases of the Nervous System. 

A Handbook on Diseases of the Nervous System. \\y Jamei 

Kosj*, M. I)., I'. K.C.I*., LL. !>., Senior Annuitant Physician to the Manchester Royal 
Infirmary. In one o<-tavo vol. of 725 piu/cs, with 1 Ml ilhm. Cloth, $4.50; leather, $5.V). 
Thin ailinlrHlilo work Ih iniiMiit«*<l for Htiiih*iitM of which it treat*. In i»T«ry («rt thl* hantiho-'k 
ni<'<ll''lni« mui for Hiii'h nifilir'nl uii'HH>«hHVi' iKitirnit merit* thft hlxhi'fl |»rai«i', ami will no douM t« 
f<>r I'MiKthy >H'iiti-i'~. It i- ii i'oii<'i-i- mei philo- foiiinl of the Kn'nO'-r vrIim' to th#« stii<li a nt h« w*I! 
-n|i|iiiiil Hindi' (o tln> i|i'|>nrtitiiMit of iiiiMlii'iiic of hh to the priM'titioniT.-- bUltnhuT'ih Mf'li'n! Ji-wal 

Hamilton on Nervous Diseases.— Second Edition. 

NorvoiiH Dihoiihcr; Their Inscription and Treatment. \\y Aij.kn McI.asi 
I f a m i I . i • ' n . M.l»., Atli-udiiitf Physician at the Hospital for epileptics ami Paralytic 
lihirk well's Uhiml, N. Y. Second edition, thoroughly revised ami rewritten. In one 
netavo vi-liiiniMif "iHs pages, with 72 illustrations. Cloth, $100. 

Savage on Insanity and Allied Neuroses. 

Insanity JUld Allied NourOHOH, l'ractiial ami (linical. I'»y UK<<KDf 
II. S.w \«.i:. Ml'.. I.ecturiT on Mental I Meases at < iny's HoHpital, IjoixIoii. In nm 
1'Jmo. vol. of .Vil pji., with IX illus. Clolh, $2.00. See Srrit'.n of (Xinical Afanuah, p. 30. 

Klein's Histology— Fourth Edition. 

KlouiontH of HiHtoloK.Y. I» v I''.. K i.kix, M. I>. f V. H. S., .Inint Lecturer »i 
(ieni'ial A nn 1 1 mi i \ ami I'hysinhi^y in the Medical School of St. liarlholnmcw's Iliietpita] 

I^iiidon. l'<Mir(ii eilitiou. In one I2r volume o| !i7(J page?, with 101 ilhiN. Lira] 

elulh, $l.7"». See .S'/ii//#7i/.<' »SV /"/V.i tit Mnn\mh\ pajje .'»0. 



Tlii 1 ! i f i ti in t ••• i fif i-ililinii' thrfiiitfh which 

l»r. lil'Mti liM'i' n nnH»i-.|. of hi««tolo|,»y }i ii.v. mil 

•.inn. |(<i In •( i|>|ii :ii:il|ii' HI I '*•'.'. I ' HI 1 1 pit- t* V |i!#*Ili"« ■ 
tliH' I' I" ■i|-1»i« , «'Il'«*«J o\ 1 1 a . - iiii'iliriil fii>*.-nf ami 
tii.il II . * ■ 1 1 ■ | • - 1 « " 4 u 'li'fiinif \\:int. Tin' i-li.'ir iiml 



««oni'i«H ?rmiin*r In whleh It Js wrltti'ii, tin 
mIi'-ciu'ii of fli'liRtitli!** HiRtOT, r»t omiflji'iintr vi*"W» 
iiij«|r*i| to the i'onv**ii|i>ut si7i» of th«» hook iihl tt 
iiioi|fr.-ii<« prh'i', will Rpi'oiuit for it.M Mrp]oiil>(ci 
lieei—.t. -- M>'liriit Chrfmclt-, 



tfi.it II .'Mi-i-.H"! u ili'fiiiiti- wiint. I ]n« i-li-.'ir u 1 1< I -iH'i'f-.H. -- .1/. iitr.nl Lhriiitic.lt; 

Schafer's Histology.— Third Edition. 

Tim KHHcntiulH of IliHtology. lly Kii\vaki> A. SniAKKii, V. K.X., .Imln*! 
I'iuI'i- ur nl I ' 1 1 > i"l«M'v in I'niveiity Cnlleye, Londnn. New (third) edition. In out 
nitavu volume <>l .;! I pa^es, wilh '.'*'1'> illustrations, (loth, $.'{.00. 
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Abbott's Bacteriology.— New (2d) Edition. Just Ready. 

The Principles of Bacteriology: a Practical Manual for Students and 
Physicians. By A. C. Abbott, M. D., First Assistant, Laboratory of Hygiene, University 
of Pennsylvania, Philadelphia. New (2d) edition, thoroughly revised and greatly 
enlarged. In one very handsome 12mo. volume of 472 pages, with 94 illustrations, of 
which 17 are colored. Cloth, $2.75. 

Its scope has been much extended, so that it tionr, partly colored, are helpful In the elucidation 
now contains all that is necessary for a beginner of the text. Ample instruction is given as to 
to learn in order to gain a practical working needed apparatus, cultures, stainiogs, microscope 
knowledge of the subject It is particularly ic examinations, etc The pathogenic bacilli are 
adapted to the wants of students and practitioners fully described both by the text and illustrations, 
who wish to pursue their study without the aid of and the methods of conducting examinations are 
an instructor.— Medic ine, April, 1895. fully set forth. It will win its way and become a 

The instructions for methods of work are all favorite.— Virginia Medical Monthly, November, 
Incid and concise. It is the most satisfactory and IS94 

comprehensive book on practical bacteriology in On the whole the book is one of the best of it* 
oar language.— Chicago Clinical Review, Nov., 1894. kind and the most practical in the English Ian- 

The second edition has been muoh enlarged by guage.— Maryland Medical Journal, Not. 8, 1894. 
the addition of much new matter. Its illustra- 

Gibbes 9 Practical Pathology and Morbid Histology. 

Practical Pathology and Morbid Histology. By Hbheaoe Gibbes, 
M. D„ Professor of Pathology in the University of Michigan, Medical Department. In 
one very handsome 8vo. vol. of 314 pp., with 60 illus., mostly photographic Cloth, $2.75. 

the tissues for examination, cut. stain and mount 
sections, etc The second part dealt with bacteri- 
ology, with the different forms of cultivation, 
profusely illustrated with reproductions of micro- : microscopic examinations of the bacteria, etc. 
photographs. We may say that the practical ! The third part, which comprises more than half 
nistologist will gain much useful information ! the book, treats of morbid histology. This part is 
from the book.— The London Lancet, I illustrated with a great number of beautiful photo- 

The student of morbid histology and bacterid ' micrographs in which the microscopic field Is 
ology has at his hand, in this neat volume of some ! reproduced with a distinctness that Is really 
three hundred pases, a most excellent guide and j remarkable. The fourth part contains some very 
one which, unless he be a very advanced student, practical instruction on photography with the 



In fulness of directions as to the modes of 
investigating morbid tissues the book leaves 
tittle to be desired. The work is throughout 



he cannot afford to be without. The work is 
divided into four parts, the first, that of practical 
pathology, containing clear and precise directions 
in histological technique, showing how to prepare 



microscope. Works like this of Dr. Gibbes will soon 
popularise histology among the profession at large, 
whereas it is now to a large number of physicians 
almost a sealed book.— M edical Record. 



Sena's Surgical Bacteriology.— Second Edition. 

Surgical Bacteriology. By Nicholas Senn, M. D., Ph. D., Professor of 
Surgery in Rush Medical College, Chicago. New (second) edition. In one handsome 
octavo of 268 pp., with 13 plates, of which 10 are colored, and 9 engravings. Cloth, $2.00. 
The book is really a systematic collection in the makes it possible for the busy practitioner, whose 



most concise form of such results as are published 
in current medical literature by the ablest workers 



time for reading la limited and whose sources of 
information are often few, to become conversant 



in this field of surgical progress ; and to these are j with the most modern and advanced Ideas in sur- 
added the authors own views and the results of i gical pathology, which have "laid the foundation 
his clinical experience and original investigations. ! for the wonderful achievements of modern sur- 
The book is valuable to the student, but its chief [ gery."— .Annals of Surgery. 
value lies in the fact that such a compilation | 

Green's Pathology and Morbid Anatomy.— Seventh Edition. 

Pathology and Morbid Anatomy. By T. Henry Gree#, M. D., Lecturer 
on Pathology and Morbid Anatomy at Charing-Croas Hospital Medical School, London, 
ftixth American from the seventh and revised English edition. Octavo, 639 pages, with 
167 engravings. Cloth, $2.75. 

The Pathology and Morbid Anatomy of Dr. ] translated into English, are too abstruse for the 
Green is too well known by members of the medi- i physician. Dr. Green's work precisely meets his 
eal profession to need any commendation. There i wishes. The cut* exhibit the appearances of 
is scarcely an intelligent physician anywhere who j pathological structures Just as they are seen 
has not the work in his library, for It is almost an i through the microscope. The fact that It is so 
essential. In fact it is better adapted to the wants ; generally employed as a text-book by medical sto- 
of general practitioners than any work of the kind dents is evidence that we have not spoken too 
with which we are acquainted. The works of much in Its favor.— Cincinnati Medical Newt. 
Gorman authors upon pathology, which have been 

Coats' Treatise on Pathology. 

A Treatise on Pathology. By Joseph Coats, M. D., F. F. P. S., Patholo- 
gist to the Glasgow Western Infirmary. In one very handsome octavo volume of 829 
paves, with 339 beautiful illustrations. Cloth, $5.50 ; leather, $6.50. 

Medical students as well as physicians, who manner, the changes from a normal condition 
desire a work for study or reference, that treats effected in structures by disease, and points oat 
the subjects in the various departments in a very the characteristics of various morbid agencies, 
thorough manner, but without prolixity, will cer- so that they can be easily recognised. But, not 
tainly give this one the preference to any with limited to morbid anatomy, it explains fully how 
which we are acquainted. It sets forth the most the functions of organs are disturbed by abnormal 
recent discoveries, exhibits, in an Interesting conditions.— Cincinnati Medical Newt. 

PAYNE'S MANUAL OF GENERAL PATHOL- ~F\r".C."p~ Lecturer on Pathological Anatomy, 
OGY. Designed as an Introduction to the Prac- St. Thomas' Hospital, London. 
tics) of Medicine. By Joseph F. Patxe, M. D , 

Ua Brothers A Co.. Publishers, 706, 708 A 710 Sansom Streaf, Pht(ad«(Bh\*. 
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Ashhurst's Surgery.— Sixth Edition. 

The Principles and Practice of Surgery. By John Ashhubst, Jr. 

M. D., Professor of Surgery and Clinical Suiyerj in the Univ. of Penna., Surgeon to the 
Penna. Hospital, Philadelphia. Sixth edition, enlarged and thoroughly revised. 
Octavo, 1161 page*, 656 engravings and a colored plate. Cloth, $6.00; leather, $7.00. 

AnhhurM's .Surfer?/ maintains In itH sixth edition ; merit a continuance of theconfidence of the profes- 
the high standard of excellence which hax always *Jon. In this edition he ha* incorporated an ae- 
been it* characteristic. The author has ho thor- . count of the more important recent objurations in 
oughly rt Tided his work that the moot recent i surgical science, aa well a* nuch novel ties in bun 
appliances and methods in surgery are mentioned, j gtcal practice as meritthe classification of improve- 
Dr. Ashhur&t's well-known, comprehensive, and ments. Dr. Charles B. Nancrede, of Ann Arbor, 
yet concise treatment of the various subjects is has contributed a new chapter on surgical bacteii- 
eren more marked in this than in the previous . oiogy; Dr. Barton C Hirst Has reviaea the sections 
editions. A great deal of new matter has been on gynecological subjects; and Drs. George E. 
added.— The Uhir&jo Medical Recorder. de Schweinits and B. Alexander Randall have re- 

The author has been before the surgical world vised the chapters on diseases of the eye and ear. 
so long and is «o versatile and resourceful that Those surgeons who possess earlier editions of 
his several editions are rapidly taken up. • Ash hurst's treatise wilt make haste to obtain this 
Ashhurst ha* taken great pains to render this I new one. and those who are not familiar with the 
sixth edition fully equal to the demands of the : work will necessarily add it to their libraries, 
present, and has constructed it on lines which , —Buffalo Median! and Surqical Journal. 

Young's Orthopedic Surgery. 

A Manual of Orthopedic Surgery, for Students and Practi- 
tioners. By James K. Young, AI. D., Instructor in Orthopaedic Surgery, University of 
Pennsylvania, Philadelphia. In one octavo volume of 446 pages, with 285 illustrations. 
Cloth, $4 ; leather, $5. 

The present work will be found to meet a want approved modern views, and the treatment is 
among students in acquiring a knowledge of the very thoroughly and comprehensively considered, 
s.tbject, and among practitioners who constantly Especial attention has been given to the mechani- 
see a greater or less number of deformities and calpartof the subject. A very valuable feature 
who desire information regarding the most of the work is the large number of excellently- 
recent views on the pathology and treatment of executed drawings which illustrate the text. In 
this subject. Dr. Ycung's large experience has those cases in which doubt is apt to occur, or in 
particularly fitted him for the preparation of this which the symptoms may be obscure, the differ- 
work, which is based upon his personal observa- entlal diagnosis has been very fully given. This 
tions, although the literature of the subject has ground has been well covered, and the w>rk 
been carefully sifted, and whatever of import- ■■ may be relied upon as reflecting the present 
ance he has thm obtained has been made full position of the subject of which It treats.— Fut- 
ure of, due credit being given. The pathology vertity Medical Magazine, January, 181*5. 
will be found to correspond with the most 

Roberts' Modern Surgery. 

The Principles and Practice of Modern Surgery. For the use of Stu- 
dents and Practitioners of Medicine and Surgery. By John B. Roberts, M. D.. Prof, of 
Anatomy and Surgery in the Philadelphia Polyclinic. Prof, of Surgery in the Woman's 
Medical College of Pennsylvania. Lecturer in Anatomy in the Univ. of Penna. Octavo, 
7*0 pages, 501 illustrations. Cloth, $4.50; leather, $5.50. 

This work 1- a very comprehensive manual upon ' the leading practitioners of the art, and its liter- 
general surgery. H ha* a thoroughly practical attire is fully up to all the advanced doctrine? and 
character, the -ubjects are treated with rare judg- methods of practice of the present day.— Mid-.- i 1 
ment, its conclusions are in accord with those of R»co->il. 

Druitt's Modern Surgery.— Twelfth Editton. 

Manual of Modern Surgery. By Kodkkt Druitt, M. R. C. S. Twelfth 
edition, thoroughly revised by Stanley Boyd, M. B., B. S., F.R.C.S. In one Sva 
volume of 9(55 pages, with 373 illustrations. (-loth. $4.00; leather, $5.00. 

Holmes' Treatise on Surgery.— Fifth Edition. 

A Treatise on Surgery ; Its Principles and Practice. By Timothi 
Holmes, M. A., Surgeon and Lecturer on Surgery at St. George's Hospital, London 
From the fifth Knglish edition, edited by T. Pickering Pick, F. K. C. S. In ont 
octavo volume of 997 pages, with 42s illustrations. Cloth, $6.00; leather, $7.00. 

MARSH «».\ THT -li'lM'^. In one Urno. volume vol. of R82 pp.. with 3fi4 Illustration* Cloth, $3.75 

of Ks pages, with '1 woodcuts ami :i <-.»lored MILLER'S PRINCIPLES OF SURGERY. Fourtt 

plate. Cloth, -Jim. ^o .s. ■■<• - - C'i ■•■•■■' 3/i. '»•■•'*, . American from the third Edinburgh ed. Id ow 

pugn :.o. i 8vo. toI. of R38 pages, with 340 lllus. Cloth, |3.75 

DCTLIN ON IMSKASKSOFTin: TONiil'i:. liv PIRRIE'S PRINCIPLES AND PRACTICE 01 

Hr.MiY T. r.riiis, F. R. C.S., Assistant Surgeon SURGERY. Edited by John Null, M. D. h 

to St. Bartholomew's Hospital, London. In one on* 8to. vol. of 784 pp. with 316 illus. Cloth, $3.75 

1-Jmo. volume of 45*; p..ges, with * colored plate* , GANT'S STUDENT'S SURGERY. By Frederici 

and :'. woodcuts. Cloth,?.;;.«) See Serin <>! Oin- ' Jamks G.vnt, F R.C.S. Square octavo, 84% pages 

irn> Mniinas. p;ig<» ::o. 15'J engravings. Cloth, S3. 75. 

GOULD'S ELEMENTS OF SURGICAL DIAG- HOLMES' SYSTEM OF SURGERY. THEORET 

NO^IS. By A. I'i:\i;.-i: G..u.p. M S„ M B., ICAL AND PRACTICAL. Bv Various Authors 

F. R.C S., A-Mstant Surgeon to Middlesex IIos Edited oy Timothy Holmes, M. A. American edi 

pital, London. In one pocket-size lJtno. volume tion, revised and re-edited by John H. PackaM 

of , r >x-» pag^. Cloth, ii.oO. See &ud' nM &r n* M. D Three large octavo volumes, 3137 page* 

of M> mil »'s page :jn. \*-<) illustrations on wood and 13 lithograph!* 

MlXLER'S PRACTICE OF SURGERY. Fourth plates. Per set. cloth, 118.00; leather, $21.00 

and revised American edition. In one large 8vo. S-ihsci iplion only. 

Lea Brothers & Co., Publishers. 706, 708 & 710 Sansom Street Philadelphia. 
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Wharton's Minor Surgery and Bandaging.— Secondd Edition. 

Minor Surgery and Bandaging. By Henry R. Wharton, M.D., 

Demonstrator of Surgery in the University of Pennsylvania. In one 12mo. volume of 

529 pages, with 416 engravings, many being photographic. Cloth, $3.00. 

The book Is one of the very best treatises on : localities of the body. The author has thoroughly 
minor surgery and it ought to be adopted as a ; rerised that portion of the work relating to the 
text- book on the subjects of which it treats. It I aseptic and antiseptic methods of wound treat- 
contains more practical surgery within its limits ment, than which there is no more important 
and boundaries than any book of its kind we have subject in the whole domain of surgery. Much 
ever seen. Its illustrations are to be specially new matter has been added, which brings It 
commended, particularly those that relate to abieast of the very latest knowledge on the sub- 
bandaging, most of which have been taken from Jects of which It treats.— Buffalo Medical and Sur- 
photographs of applied bandages in the several gieal Journal. 

Treves' Operative Surgery.— Two Volumes. 

A Manual of Operative Surgery. By Frederick Treves, F.R.C. S., 
Surgeon and Lecturer on Anatomy at the London Hospital. In two octavo volumes 
containing 1550 pages, with 422 engravings. Complete work, cloth, $9.00; leather, $11.00. 



Mr. Treves in this admirable manual of opera* 
tlve surgery has in each instance practically 
assumed that operation has been decided upon 
and has then proceeded to give the various opera- 
tive methods which may oe employed, with a 
criticism of their comparative value and a detailed 
and careful description of each particular stage 
of their performance. Especial attention has been 
paid to the preparatory treatment of the patient 
and to the details of the after treatment of the 
ease, and this is one of the most distinctive among 
the many excellent features of the book. We have 
no hesitation in declaring It the best work on the 
subject in the English language, and indeed, in 
many respects, the best in any language. It can- 



not fail to be of the greatest use both to practical 
surgeons and to those general practitioners who, 
owing to their isolation or to other olroumatances, 
are forced to do much of their own operative work. 
We feel called upon to recommend the book so 
strongly for the excellent judgment displayed in 
the arduous task of selecting from among the 
thousands of varying procedures those most 
worthy of description; for the way in which the 
still more difficult task of choosing among the 
best of those has been accomplished; and for the 
simple, clear, straightforward manner in which 
the information thus gathered from all surgical 
literature has been conveyed to the reader.— 
Annals of Surgery. 



Treves' Student's Handbook of Surgical Operations. In one 

square 12mo. volume of 508 pages, with 94 illustrations. Cloth, $2.50. 

A Manual of Surgery. In Treatises by Various Authors, edited by Fred- 
erick Treves, F, R. C. 8. In three 12mo. volumes, containing 1866 pages, with 213 
engravings. Price per set, cloth, $6.00. See Students' Series of Manual*, page 30. 

Treves on Intestinal Obstruction*. In one 12mo. volume of 522 pages, 
with 60 illus. Limp cloth, blue edges, $2.00. See Series of Clinical Manuals, page 30. 

Smith's Operative Surgery.— Revised Edition. 

The Principles and Practice of Operative Surgery. By Stephen 

Smith, M. D., Professor of Clinical Surgery in the University of the City of New York. 

Second and thoroughly revised edition. In one very handsome octavo volume of 892 

pages, with 1005 illustrations. Cloth, $4.00; leather, $5.00. 

This excellent and very valuable book is one of surgeon, and even as a book of reference for the 

the most satisfactory works on modern operative physician not especially engaged in the practice 

surgery yetpublished. The book is a compendium of surgery, this volume will long hold a most 

for the modern surgeon. The present edition is conspicuous place, and seldom will ita readers, no 

much enlarged, and the text has been thoroughly matter how unusual the subject, consult its pages 

revised, so as to give the most improved methods in vain. Its compact form, excellent print, num- 

in aseptic surgery, and the latest instruments erous illustrations, and especially its decidedly 

known for operative work. Itcan be truly said that practical character, all combine to commend it.— 

as a handbook for the student, a com pan ion for the Bosto n Medic al and Surgical Journal. 

Erichsen's Science and Art of Surgery.— Eighth Edition. 

The Science and Art of Surgery ; Being a Treatise on Surgical Injuries, 
Diseases and Operations. By John £. Ericusen, F. R. S., F. R. C.S., Professor of Sur- 

fery in University College, London, etc From the eighth and enlarged English edition, 
n two large 8vo. vols, of 2316 pp., with 984 engravings on wood. Cloth, $9; leather, $11. 

Bryant's Practice of Surgery.— Fourth Edition. 

The Practice of Surgery. By Tiiomas Bryant, F. R. C. S., Surgeon and 
Lecturer on Surgery at Guy's Hospital, London. Fourth American from the fourth and 
revised English edition. In one large and very handsome imperial octavo volume of 1040 
pages, with 727 illustrations. Cloth, $6.50; leather, $7.50. 

Ball on the Rectum and Anns.— New Edition. 

The Rectum and Anus, Their Diseases and Treatment. By 
Charles B. Ball, F. 11. C. S., University Examiner in Surgery, Dublin. In one 12mo. 
volume of 453 pages, with GO engravings and 4 colored plates. Cloth, $2.25. Just ready. 
8ee Series of Clinical Manuals, p. 30. 

L§a £roth$r$ A Co., PublisJiers. 706, 708 A 710 Sansom Street Philadelphia. 
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Vol. I. lust Ready. Vol. II. Shortly. Vol*. 111. and IV. Preparing, 

A SYSTEM OF SURGERY 

BY AMERICAN AUTHORS. 
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Edited by Frio) eric IS. D&Xzm, M.D., Profeworof the Principles nod Pr» 
.if Surgery, llellevue Hcapital Medical College, New York; President 1.1 

! Astociation, etc. Aaaiited by Jo 
Surgeon-Gene ml, l r , s. A. In foor imperial octavo Tirlirmffl of nbout 1*00 pages cae 

Erolusely illustrated in black and color*. Price per volume, docfa, ?<■ ; leather, $7 ; half 
Eorocco, gill back anil top, $8.60. Fur talc hy «uA»cn'/jrion only, Addmt iKe PMii/.rri. 
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Hamilton on Fractures and Dislocations.— Eighth Edition. 

A Practical Treatise on Fractures and Dislocations. Bt Fbaxk 
H. Hamilton, M. D., LL. D., Surgeon Co ISellevue Hospital. New York. New (8th) edi- 
tion, revised and eilited by Stephen Smith, M. D., Prof, of Clinics] Surgery in Univ. of 

( ityni'N. Y. In one octavo volume of S32 pp., with 507 illua. Cloth, $ 5.50: leather, $8.50. 
Ilsnumeroos editions are convincing profit any ject of such magiiltudels ikkutdih, In. Smiu 
]« ne>-d«d, ot Its v»lue and popularity. Il is pre bu limed to make Die pre.«ent eolwne . «~a 
eminently the authority on fractures and dlsl.wn- Fiponeni of our knowledge of it 
tion«,»nd universally quoted as such. In the new of surgery. The more one re 

add! Mxiis It has received by ItsreoentreriMonmeke I hu been accompli-hed, end hatbei 
ii a wt.rk thoroughly in accordance with modern conoiaely. eioelleolly well.— BotU 
practice, theoretically, mechanically, etepilcally. Surgical Journal. 
The task of writing ■ complete treatise on ■ »uo- . 

Stimson on Fractures and Dislocations. 

A Treatise on Fractures and Dislocations. By Lewis A. 
M. D. In two handsome octavo volumes. Vol. I., Fractures, 5H2 pages 360 
lions. Vol. II., Dislocations, 540 pages, with 163 illustrations. Complete \. 
cloth, $5.50; leather, $7.50. Eitiicr volume separately, cloth, $3.00; leather, $4.00. 

The appearance of the second volume marks the exhibits (he surgery of Dislocations u ttlstaoghl 
completion of the author mid practised by the most eminent eurgeoniof the 

lug a work whl i fuflesl present time. Contalnlngtha re-n" 

-"-'--atlone. Every praci': 

icumbemt on him to bate il I 
■e.-«newnoti Mtdiml Ifmei. 

Stimson's Operative Surgery.— Second Edition. 

A Manual of Operative Surgery, liv Lewis A. Stimsox, B, a., M_ R 
Professor of Clinical Surgery in the University of the City of New York. Second eJ" 
lion. In one royal 12mo. volume of 503 pages, with 342 illustrations. Cloth, $2.50. 

Cheyne on Wounds, Ulcers and Abscesses.— Just Ready. 

The Treatment of Wounds, Ulcers and Abscesses. Dj VY, Wat 
Cheyne, M. B, F. R. S., !■'. It. C. S . Professor of Surgery in King's Collet 
one 12mo. volume of 207 pages. Cloth, $1.25. 

Pick on Fractures and Dislocations. 

Fractures and Dislocations. By T, Pickering Pick, F. R.C.S., S 
geon to and Lecturer on Surgery at St. George's Hospital, London. In one V." 
of 530 pp., with 93 illue. Limp cloth, $2.00. See Sr.rw of Clinical Manual*, p 

lea Brother* & Co., Publishers, JOB, 708 & 710 Sontom Street, Philadelphia. 



Ophthalmology. 
Norris & Oliver's Ophthalmology. 

A Text-Book of Ophthalmology. B» 

Professor of Ophthalmology in ihe University "I" IVtinsylvania, and Charles A. Outer, 
■" * a Wills' Eye Hospital, Philadelphia. In one very handsome f 

with '■'•■<' engravings ami ■"■ colored plates. Cloth, $5; leather, $0, 




M. D., Surgeon to Wills' Eye Hospital, Philadelphia. In one very handsome ocUtu 
toL of 632 pagee, with 357 engraving and G colored plates. Cloth, $5 ; leather, $0 
This Is the tint text-book of diseases of ihe «y« to enjr would-be competitor Wonderful!) 



written by American authors for American col- in price, beautifully printed Mid eiqulall. 

(■tea md undent*. Rules and procedure- are tratrd. (tip mechanical make-up of Die 

made *<-, plain and no evident that any atudant all that can be desired. After moat cnnec._ 

can easily understand and employ them. II Is and pal nut alt log perusal of the work, we unre- 

■Qcclnct in recital, practical In lie teachings, ]udi- served)? endorse it as the beat, the akM and the 



accepted a- fn-n i r'n of • public. We sinc-erelv hope that U may find lis 

J — -igniied authority. The lllus- wav Into (ho Mat of t* it. books of eterj- Baflfah. 
imivus ih ouiuumber those of its cnntempnra- ■peaking college of medicine. — .Inno/is/GpkrAiii. 
rfe*. whilst the high grade and unbiased oplnlona | metogy and Otology- 

Berry on the Eye.— New (2d) Edition. 

Diseases of the Eye. A Practio.il Treatise fur Students of Ophthalmology. 
ByGEORoEA. Berry, M.B., F.B.C.S., Ed., Ophthalmic Burgeon, Edinburgh Royal 

Infirmary. New (second) eilition. In one octavo volume of 760 pages, with 197 illiujtm- 



lion«, mostlv lithographic. Cloth, $: 
This is by far the Best wc 

til* English language tii.n 
diction ia pure and clear, at 
fill it In -' ration* of normal at 



"object-lesson." We rannot but reiterate what • 
■alt at the beginning, that wo bare had great plea 
tire In the peruaal of this work, and great profit, at 
that we con alder it the beet on Ihe subject In tl 
English language to-day, not only for It' d trill 

Journal of IAi AfoIlBil Swenrri. 



Jnler's Ophthalmic Science and Practice.— New (2d) Edition. 

A Handbook of Ophthalmic Science and Practice. By Hang E. 

Jn.En, F. R. C. £., Senior Assistant Surgeon, Roynl Westwmt.lt.-r I >iilitliulo>ic Hospital; 
Late Clinic.tl A--I-1 ml, M"or1ii.-Ms, London. New <2d) edition, Iltmdhonie 8vo. volume 
of 5ttl paces, with 201 woodcuts, 17 colored plates, selections. Ironi Test-types of Jaeger 
and Snellen, and Holmgren's Color-blindness Test. Cloth, $5.50 ; leather, $8.50, 



?r of practical si 



igularly full, and at i 

mllinr lis- prodneio! ,,.[,,■■ I ..■ ,1.-. r-.i.iiiii- slid <■■ ini-.-. nnd r-o irheil I.. ijiiagFll 

'.■[.I.-. I I'l,]. nations of all the Important affections to be understood.— Tht Mtdicat Ag*. 



•ye. The Tolninets particularly r 



Nettleship on the Eye.— Filth Edition. 

Diseases of the Eye. l!y Edward Nettleship, F. R.C.S., Ophthalmic 
nasWMn M Bt Thomas? il"-[iikii, London. Surgeon to the linval London l.Moorlicllal 
Ophthalmic. Hospital. Fourth American from the fifth English edition, thor- 
oughly revised. With a Supplement on the Detection of Color Blindness, by WlL- 
UAH Thomson, M. D., Professor of Ophthalmology in the Jefferson Medical College 
Philadelphia. In one 12mo, volume of 600 pages, with 1114 illustrations, selections from 
Snellen's test-tvpes and formula', and a colored plale. Cloth, $2.00. 

This l« a wall-known and a valuable work. It | knowledge to be present which seems In be aa- 

wae (■rlrr.arllr intended (or the o-s •■! students, aurnsd in -..mc.f ..nr larger works, la not ie.iiou. 

and supplies their needs sdmlrsl.lv, but It la aa frotn o»cr conciseness, and yet covers (he more 

pari ■ "1 rdlnlral ophthalmology.— A'sw 

doas nut presuppose the large amount of recondite i'tirk NeititntJuumal* 

Carter & Frost's Ophthalmic Surgery. 

Ophthalmic Surgery. Bv K. Brt-dksi:i,l Cahteb, F,R,CB., Lecturer on 
Ophthalmic Surgery at St. George/l Hospital, London, and W. Adams Fbost, F. B.G.&, 
Joint Lecturer on Ophthalmic Surgery at St. l.ieorge's Hospital. London. In one 1'Jriio. 
Tolumc of 559 pages, with 91 woodcuts, color-blindness test, test-tvpe* and dots and appen- 
dix of formulas. Cloth, $2.25. See Series of ClinUat Manuals, page 30. 

rilE EYE. InaneectaroTDlame. 

.. .. AMI MOON'S HANDY BOOK OP 
OPHTHALMIC SUROERT, for the us* of Prae- 

tlilonsrs. Second sdltlon. In one eesafaj .,ii- 

nma of «? pages, with u llluv ch.th, f/7*. 

I.AWSOS ON INJURIES TO THE I"'" " 

INtl RT F.I.I IK Their I mm ..I I.I. 

IATKBNT OP STBIOTTJRB OP THK 
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Ml pages, with II Uli 
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Politzer on Diseases ol the Ear. -Third Edition. 

A Text-Book of Diseases of the Ear and Adjacent Orga 

By I'k. A ham Politzer, Imperial-Royal Professors In ton Cniv 

miv of Vienna, Chief of the Imperial Royal University Mini.- be MsBSia of the Ear 

tht Genera] Hospital, Vienna, Translate! Iota Eogltrfi fmai the third »td re * 

., t.iiliun, bv Oscau Dorm, M. D., Clinic*] Instructor in Diseases ■ 

liege oi Physicians ami Surgeons, Chiosm. Bdiwd hj 8n Wn 
r*. K. Q 8., M. H., Consulting Aural Surgeon Lo St. George's Hospital, London. It 

large octavo volume of 748 pages, with 330 illustrations. Cloth, fii.OtJ. 

Thlieditton of the eminent Vienna protestor' r underlie tli« .-lluiral remark-, end details of 
well-known work will 1* welcomed by those who ..<(■ of irealiiitnl llie (ndteallniu tor irea 
wish to fibula s complete account of sll tl.st I- »re clear and reliable We can eonndentl- 
known In connection with aural dlseuwi. Who- nnimcml It, for il contain*, as stains' by Die 
eter pernio" I; ■■■■ ■ ■ ■■'■• f:ii' t-.- be *lrii-?ls In )ii« ore fue, all that !■ ka»wn npontbe «. 



Field's Manual of Diseases of the Ear. 

A Manual of Diseases of the Ear. By (..eoh<ie P. Pn 
Aural Surgeon and Lcc.iu.rer on Aural Surgery in St Mary's Hospital Medical 9cb* 
London. lnausocUTOD*S91 pp., with 73 engravings and 21 colored plates. cloth, *' : 

Tiiihosewhodealra aconoije wi>rk -n diM-.-es large ease of cues o( ear disease ihat acatas 
of t lis ear, Hear and practical, this manual com. properly within hi* prorlnoe. The illustrail 
mendiiuelt In the hlahest degree. It i«ju.teuch are apt sod wall eiscnterl while (he m.ke-u 
- n WDtlt as Is needed by every Reoeral pracil- ihe work Li beyond critlefam.— Tsa ,lm™ 
tton.r to enable him lo treat Intel] luentfy the rTarirfMnear net ffaes 

Burnett on the Ear.— Second Edition. 

The Ear, Its Anatomy, Physiology and Diseases. A F 
Treatise for the use of Medical Btudents and Practitioner*. Bv Charles H. Bom 

A, M., M. !>., I'rotes-ir of Otology in the Philadelphia Polyclinic; President of 
American Oluli>(tica] Sm-ietv, Second edition. In one handsome octavo volume of 
pages, with 107 il lust rations. aoth.4U.00; leather, $5.00. 

Black on the Urine. - - Jnst Ready. 

The Urine in Health and Disease, and Urinary Analysis, Phy 

ologically and Pathologically Considered. Bv 1>. Campbell Black, m. 
I_ K. C. S., Professor of Physiology, Anderson Collejn Judical School In one 1;" 
volume of 266 pages, with 73 engravings. Cloth, 12.78, 

Roberts on Urinary and Renal Diseases.— Fourth Edition. 

A Practical Treatise on Urinary and Renal Diseases, tnolud 
Urinary Deposits- Bv Sib William Roberts, M.D., Lecture* on IfedkfMll 

Manchester School of Medicine, etc. Fourth American from the fourth London 
tion. In one handsome octavo volume of (j[)9 pages, with HI illustrations. Cloth, V 

Pnrdy on Blight's Disease and Allied Affections. 

Bright's Disease and Allied Affections of the Kidneys. 

l'n.u;i.i>\V. i'UKDY, M.D., Professor of lieiiito-l/rmnrv and Renal Diseases in the Chi 
cngo Polyclinic In one octavo vol. of 2«8 pages, with illustrations. (Jlolh, $2.00. 

The American Text-Books of Dentistry.— Preparing. 

In Contributions by Various Authors. In two octavo volumes of ah 

i-iiii Julias each, fully illll-trilel. Vol.l'MI: I., OPERATIVE DENTISTRY. Ivhied 

Ki.waiidC. Kibk, I', U.S., Lecturer on Operative Dentistry, Dept. of Dew i 
l'eniia. VoLi'Mf. 11., Mii-.-iusK-Ai. Dentistry. Edited hy Charles J, I 
I i.D. IS , Prof, of Mechanical Dentistry and Metallurgy, Dept. of Dentistry, Univ. of Pem 

The American System of Dentistry. 

In Treatises by Various Authors. Edited! hy Wilbur F. Lttoh, M, 

D. D. 8., I'rol'iwr i >f 1'npllietic Dentistry, Materia Medics and Thera|ieutics in i 
Pennsylvania College of Dental Surgery. In three very handsome octavo volumes o 
' 'ng 3180 pages, with lSol! illustrations and 9 full-page plates. Per volume, cloth, ' 
er, $7 ; half Morocco, gilt top, fS. For talc by irihsmptum ot ' 
- ■' ■'entutry It br 




Impotence, Sterility, Venereal, Skin. 



Gross on Impotence, Sterility, etc—Fourth Edition. 

A Practical Treatise on Impotence, Sterility, and Allied Dis- 
orders of the Male Sexual Organs. l!y Bauxfb, W. '(ross, A. M., M. !>., 

LL. D,, Professor of the Principles of Surgery KM Oi Clinical Surgery in the Jefferson 
Medical College of Philadelphia. Fourth flit i->n, thoroughly revised by F. I 
M. D., Prof, of Diseases of the Genito-Urinnry Organs and of Venereal Diseases, 
" Y. Port Grail. Med. School. Io one 8TO.vol.oflM pages, with IS illua. Cloth, (I.So. 
" tlonsof PfofMiorHiois 1 valuable book j rhisn, and pro«tat»rrh»a. Toe book to a practical 
•xhaualed, and -till the demand l« ' una and in addition Id the iclentiflc and iitj In- 
Dr. Hiurgls ha, reetoed and added teremlng dlacuaaiona on etiology. *ympii>ii:>. Me , 
inn edition*, and the new one appears there are linen of treatment laid down that mu- 
lct* and more valuable Mian hefure. praetll Inner .-mi follow and whirr, lute met with 
tant and generally mlsundon.tciodiu.b- I euooeaa In lha hands of author and editor.— Jfrdi- 
eeli are treated— Impotence, aterilily, -pennator- cat Rtrord. 

Fuller on Male Sexual Disorders.— Shortly. 

Disorders of the Sexual Organs in the Male. Rv Eugene Ft i ler, 
M.I', ImOaHat io Venereal and (ieniuvUrinury PlSfW. TTim York Post-Graduate 
Medical School. In one very handsome octnvo volume of about 20*) pages, fully OlMtnttlL 

Taylor on Venereal Diseases.— Sixth Edition. In Press. 

The Pathology and Treatment of "Venereal Diseases. f ■"*""■{ the 

result* of recent investigations upon the subject. P.y Robert W. Taylor, A . M , M D-, 
Clinical Professor of Genito- Urinary Diseases in the College of Physicians nnd Surgeons, 

York. Being the sixth edition of TTwillliinii mJ Taylor, rewritten by Dr. Taylor. 

e 8 to. volume, about 900 pages, with about 150 engravings, as well is numerous 

no-lit hographe. In ae.tivc preparation. 

Culver & Hayden's Manual oi Venereal Diseases. 

A Manual of Venereal Diseases. By Evebktt M. ivlvkr. M. D., 

Pathologist ami Asm-uni A untiling Surgeon, Manhattan Hospital, New York, ami Jamf* 
R. Hayiiln, M. D., Chief of Clinic Venereal Department, College of Phrsk-iaue tind Sur- 
geons, New York. In one 12mo. volume of 288 pages, with 33 illus. Clotli, $1.75. 

Thla book la a practical trettlne, preaenttng In a 
_onden»ed form the eaaential features nf our pres- 
ent knowledge, of the three venereal diaeaaei, 
tncrofd and gnnorrhea. We have e i. 
— J "-la work carefully and have come to the 
that tt la the m 



Cornil on Syphilis. 



■ -,ib.ie.- 



d-.pt a* » an Id*. The general practitioner nee.ii 
few simple, concise and clearly presented Ian, 
ii the execution «f whlehbecnnot f.il ellher t., 



Syphilis, its Morbid Anatomy, Diagnosis and Treatment. By V. 

Cornil, Professor to the Family of Medicine "!' Paris, mul Physician m tit..- !..■ ■ 
pjtal. Specially revised by the Author, and translated with notes ind idtlttious hv J. 
Henry C. Siwes, M. 1'., Demonstrator of Pathological Histology in the L'niv. of Pit,, 
and J. William White, M. D., Lecturer on Venereal DtsMM, Univ. of Pa. In one 
octavo volume of 4til pages, with 84 very beautiful ill list rat ions. Cloth. $3.75. 



Hutchinson on Syphilis. 

Syphilis, liy Jonathan Hutchinson, F. R, H , F, I: .<" 9,OoMBlttog Eta» 

won to the London Hospital. In one 12mo. voiunie of MS iingcn, with 
lithographs. Cloth, $2.25. See Strie* of CiinieiU KiSlllVl. page 30. 

Hardaway's Manual of Skin Diseases. 

Manual of Skin Diseases. With Special Referenretn Diagnosis ami Treat- 
''or the lite of Students and General Practitioners, liv \\ . A, HakI>aw .« v, M. [>, 
Profcssorof Skin Discard in the M ■-. 1^i..m., -H'J (,].. I loth, $3.00. 

*"-. Hardawair'a large eaperleiiea aa a teacher embrace* all «mhiI*1 polnta connected »lth the 
writer hae admirably fitted J, in. for itie dim- di.r.io-i. „,d ire.imai.l <■< d!«a». of the .kin. 

" e be 

■Soenlifr'rn'na ry /A. r run . 




EASES, IN.II'llli-t IMi .MAl.r'iHM.tTlnNft !... 
UF THE I'ltlNniiY iil.AI '[-Mr, IHK PROS- ea 
Mi AMI Till: I HKJIIKA ll r .1 

■ 

llloo, ilior.niKhly revl.ed by Paanxi, W. Gaoea, 
D. In one octavo Toluma of fill pagan, with 
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FOX'H BPITi ISE3. WITH 

FOBMUL.K. Third *dlli.,Ti. re.l^.d and ci- 
targed. In onellroo. vol.of 2Mpp. Cloth, jl .S.. 

Ua Brothers & Co., Publisher*. 106. 7081710 & 



■ 
ut udTiip. cloth, <».». 



Hyde on tie Skin.^Third Edition. 

A Practical Treatise on Diseases of the Skin. For the use ■■( studi 

and Practitioners. V.y J. Nkvins 1 Iviu\ \.M.,M. D., Profosurof Perinatology ami V 

, ...sin Kufih Med ii-»l College. Chicago, Third edition. In one octavo » 
of BOS pages, with 9 colored plates ond 103 engraving. Cloth, 15.00; lealher, i 

I'll" Kurd •■.liii.'ii, jn-i tse-iiert. fulfils all thee 
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then; Lmqueitlonebly - 

of therapeutical infct 
no book in which one 

Taylor's Clinical Atlas of Venereal and Skin Diseases. 

A Clinical Atlas of Venereal and Skin Diseases: Including Diag- 
nosis, Prognosis and Treatment. By Hobkbt W. Taylor, A. M., M. D., ClinicrJ Pro- 
fessor of Genilo-Urinnrv Diseases m the College of Physicians and Snigaom, New York; 
In eight large folio parts, ami comprising 58 bieaaHnilly colored plates with 213 figure*, 
nnd 431 pages of teit with 85 engravings. Price per part, $2.50. Bound in one volane, 
half Russia, $27; half Turkey Morocco, J28. Far We by subscription oiiiy. Bpednua 
plates sent on receipt of 10 centa. A full prosjiectiis sent to any address on application. 

Jackson's Ready-Reference Handbook of Skin Diseases. 

The Beady-Reference Handbook of Diseases of the Skin. 

George Tin. ma.- .1 a. i; t ,.N, M. [>., lWe--,.r of 1 -ermatologv, Woman's Medics) Cf" 
of the New York Infirmary. In one lL'mo. volume of 544 pages, with 60 illuatr 
and a colored plate. Cloth, $2.75. 

'-: *tplia,l<etica1 order of It. 

»i,.l !l,-li n»iw«.ifi>i 

the t.e.t of it. els— thai 
rtn iltdiaU and Su- tfH it 

Morris on the Skin.— Just Ready." 

Diseases of the Skin. An Outline of the Principles and V- 
matology. By Malcolm Mounts, F. K.C. S., Surgeon 10 the Skin T '..-j.-itr msiui. St. M 
Hospital, London. In one eijuare octavo volume of 505 pages, with 19 ehroiii.-'i 
figure* and 17 engravings. Cloth, $3.50. 

The present work It entirely new end I* place within the Intelligent command nf the 
destined to be essentially clinical nnd practical reader ihe eery full recommendations »> to 
In ....i,,.,.. ji| agnosia, Hymptomn, oaumtlon Anil treatment. Er»ry part nf the book reprewntelto 











■ neral practitioner, "nt 


attempt has been made 
linns," and "hence pa- 






















y, itiaL-m.Hl. nn.J treat. 







a book la vi excelled , 

■ II interfiled In the subject. It is i 
entirely familiar ■— "■ 



,Si : 1 



ileeaae, andto AfahVol Journal, 

Pye-Smith on Diseases of the Skin. 

A Handbook of Diseases of the Skin. By P. H. Pye-Skith, M. D. 
F.R.8, Physician to Guy's Hospital, London. In one octavo volume of 407 pagea 
with 20 illustrations, 2J of which arc colored. Cloth, S2.00. 

known ee one or tho eminent uhy.teiens 10 Ouy'i 
■ lion Id sayfaf 

thai he lis- written 111 r.rlprin.1 end ' 

.... specialist nnd the handbook on skin diseases, mm mi end 
genera! practitioner. Dr. t>ye-3rulth is favorably in all its bearings.— lata national Mtd. Me 

Jamieson on Diseases of the Skin.— Third Edition. 

Diseases of the Skin. A Manual for Students and Practitioners. 
W.Allan Jamjeson, M. D., Lecturer on Diseases of the Skin, School of Medii 
burgh. Third edition, revised and enlarged. In one octavo volume of 866 pages, with 
woodcut and 3 double-page chromo- lithographic illustrations. Cloth, $6.00. 
Thesoopeof Ihe work I* essentially clinical, III- I general practitioner will ftml the r 

lie reference being made to pathology or disputed Taluo in matter* of dlagnos 1 * 

tlipnriei. Aim om eterv fiilijei-i in full, me. 1 t.r i . tr.-r h i(nlte up to date, : 

BlaatrattTB eaaaa. The pages are filled with Inter- been "elecied with care.— Mvtt/a 
•it to all those occupied with skin diseases. The | 

i end some email oc tat o n 

:ioth,f3.«t. 
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Diseases of Women. 



The American Systems of Gynecology and Obstetrics. 

Systems of Gynecology and Obstetrics, in Treatises by American 
Authors. Gynecology edited hy tUnm) D. Mann, A.M., M.D., Professor of Obstetrics 




ami Gynecology in the Medical Department of the University of Builalo; and Obstet- 
rics edited by Barton Cooke Hirst, M. D. F Associate Professor pf Obstetric* in the 
University of lViigisylvuiiNi, I'iiihulelpbUt. In four very Jmndsonie octa*o volumes, con- 
taining 3612 pages, 1062 engravings ;nnl n plutca. ( Viupk-te work note ready. Per vol- 
ume: Cloth, |5.00; leather, (8.00; liulf Kussia, 87.00. Fur taU by ittbtcription only, 
Adilrat the PvMUhers, Full descriptive circnlnr free on application. 

- ■" I of the "System of Practical Medl- It, like the other, hu been written eaclusivelv 
can Authors," we made the follow- ta Al ■ ■ ■ ■ ■■ : "liu i.re acquainted with 

ing luietnint;- "It is a work of which the pro- ell tba abatMUrUtkK if American people, who are 
fession in thia oountry can feel proud. Writi-n well informed In regard lo th. peculiarities of 
exclusively by American pbysicians who are so- American women, their manner-. customs, mode* 
qnalnted with all the varieties of ellniale la the of Hying, etc. Ah every practising physician 1* 
United Slum, the character nf the Kill, the man- called upon lo treat diseases of female*, and u 
oers and cust-nrns of tin- people, etc.. It i- pecul- they destitute a class to which the family phy- 
larly adapted to the want* of American praclltion- sicfan mini give attention, and cannot pass oier 
ers of medicine, and It seems to us that every one I to a specialist, wo d- — 
of them would desire to have It." Every word ; department of med 
thus expressed in regard to I ■ ■ i "Jj rammnnnmil med in 

l«m of Practical Medicine- I- applicable to the ' Ofneiiinaii AM. A'ctc 



rally purchasing,— 



uillu.rs." 



Emmet's Gynaecology.— Third Edition. 

The Principles and Practice of Gynecology ; For the use of Students 
and Practitioners of Medicine. By Thomas Auul- Emmet, M. D., LL. D-, Surgeon to 
the Woman's Hospital, New York, etc. Third edition, thoroughly revised. Injrtie 
large antl very handsome 8vo. vol. of 880 pp., with 150 illus. Cloth, $5; leather, |6. 
We are in doubt whether to congratulate the , the privilege thus offered them of perusing the 
author more than the profession upon the appear- view* and practice of the author. His earnestness 

■Baa of the third edition of I ■ 1 conscieutloumeM are manifest. 

■ ■ I if. .-long experienced HegWenn. .:■■■..■■ ■.. ■■■.r-ii.'i.— i.ii' 

a- a bold and successful operator, end who has c"lofi"*YV?ence and arL— Smith Xr-iienl Jni.r- 
faVl anro th* m p U ror*a*ion wtll oot'fall 'E'app rebate ; 

Tail's Diseases oi Women and Abdominal Surgery. 

Diseases of Women and Abdominal Surgery. By Lawsoit Tait, 

F.R.C.8., Profesaorof ftviuirc-.h.gy in ()iii*ii's t'dll.-pe, [linningham, Isle President of 
the British <'iyiu'<-oI'i«icn] Smutty, Fellow American (. iymcco logical Society. In two 
octavo vols. Vol. I., 554 pp., t>2 engravings ami 3 plates. Cloth, (3. Vol. II., preparing. 

Mr. Tait never writes anything that does not on the technique of surgical operations. Ingenious 
command alien Urn hi reason of the orlclnallty of theorfe-on jiathology, daring Innovations on loop- 
h Is Ideas and the clear und forcible manner In established lines — these succeed one another 

' ■■ ■ - .-,.... 

thickly scattered throughout ; single happily ration for the restless nenlu- of the great <nr- 
worded sentences emies- win.' :iD.<th«r author «*«.- :■■■■■■ 
would have expanded into pages. Useful hints 

Edis on Diseases oi Women. 

The Diseases of Women. Including their Pathology, Causation, Symptoms, 
Diagnosis and Treatment. A Manual for Students anil Practitioners. By ARTHUR W. 
EDIS, M. D. r Lond., F. Ii.C, P., M. K.C. S., Assistant ©Metric Physician to Middle-e* 
Hospital, late Physician to lirtlisli Lying- in- Hospital. In one handsome octavo volume 
of 57b' pages, with 148 illustrations. Cloth, $3.00; leather, (4.00. 

an thoroughness In eovorinir i\- wti(.ln cr.-und, tnent, and yet very Utile Is said about thsm In 
cleame.s of description and conciseness of stale- many of the text-books. The hook la one lo he 
moot. Another marked feature of the hook Is warmlv recommended especially lo stud-ma and 
the attention paid to the details of many minor l 
■urgicai operations and procedures, as, for j plele fAuei* of the whole subject. Specialists, too. 

IT, .;■,,, .■,•:. , . ■ i ■■:.■■- 

and us* of hot water injections. These are I Aferfirol and Strofml Journal. 

Duncan on Diseases of Women. 

Clinical Lectures on the Diseases of Women; Delivered in Sunt 
Bartholomew's H.wpital. By J. Matthews Dcxcas, M. D., LL. D., F. R. 8. E., etc. 
In one octavo volume of 175 pages. Cloth, (1.50. 
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Diseases of Women — (Continued,. 
Thomas & Mnnde on Diseases of Women.— Sixth Edition. 

A Practical Treatise on tbe Diseases of Women. I 
Thomas, M. IX. LL. D., Emeritus Professor of Diana 
Physicians an J Surteons. Sew York, and I'ai l F. Mi-nm;, K.D., 
ogy in the New York Polyclinic. Bixth edition, thoroughly revised and rt 
bj I'd. MrsnK In one large ami handsome octavo volume of B34 [«ee*, "''1' 3 
illustrations, of which 801 arc new. Cloth, (5.00; leather, fl.00. 

The profession h an sadly felt th« wajilof * Wit- bo«k we know, sod will be oTeapeelal V 
book on dlsea-ea of women, which should be com- general practitioner a* M 
prehensile and at Ihe same, limp not diffuse, Tint illuitrallons are rerj 

■IT j arranged so a* to bo easllv grasped Mtdiea 
by the sludentof limited eiperience, aiid which Thlr work, which has already gone thrnngti *• 
•hot) Id embrace the wonderful ad»an«s which Urge editions, and has baa* translated >■; 
h«ie l.een made within (lie last two decade-. French, German. Sp> ■■ 
Dr. Mimde brings to Mi work a most practical known I i »fB< rtatnean4M 

■■■'.■■: 

'■■■ I'll ■:•: f.jiJidnlnm-e wit h Ihe - orli.l',. ! iiT- -1 •-•..iiipLele tr-al!~ np-'B 1 

ature of this taporhu I mi U ' the .'W._-.. thai have !■•»■ n 

result Is wbui l», nertiju-. ™ the whole, the best its rain* — ■ 
[.radical tr-»ti— .-.i> the M.r.it, -x n, ih- i;i, k -n-: ■ r 
language. It Is. «- we hare ibM. the baatiMI. 

Sutton on Tumors, Innocent and Malignant. 

Tumors, Innocent and Malignant. Their Clinic*) Features and k 
propruta Treatment. Hy J. Busd Sutton, F. ELC S., Assistant Siurgeun to the If 
tllsMl Hospital, London. In one verv handsome octavo volume of 62B pages, with li 
etiira vines and 9 full pane plates. Cloth, $4.50. 

Sutlon hu without doubt written the best many yearsof raaenrch nana a sutijs 
g-u'ral work on minor' which ha- yet appeared , some of Iheo'.r.-.m.in-st.in.isi oainfu 
In Ike English language. We urge all of our hooeless of I, ■ 

exhaustively trltfa Minora it srl 
.l/.h, (<..„£ ,s'i,r, /...I- .;«">. 1. 1.'. surgeon, gynecologist and aeneral pi 

Theauthoriswid-.lv kn..«wia....r,e of the fore- with Indispensable aid in tbe early r 
mosunrgeoos and pathologists of London. Hi- sn.i - — fu : treat tnent of tb f - -'- 

iblUt* l,:i-sl.'..lv !- S 

Sutton on the Ovaries and Fallopian Tubes. 

Surgical Diseases of the Ovaries and Fallopian Tubes, inolut 
Tubal Pregnancy. By J. Bland Sutton, F. K. C. 8., Assistant Surgeon U 
Middlesex Hospital, London. In one aqusn octavo volume of 544 pages, with 
engravings and -i colored plates. Cloth, $3.00. 

This Is not a book to be reed end then shelved . Is not for them si '-.tip : the fan 
It In one to lie studied. Il is not based upon needs Just such a book. It will be of imr 
sees but upon facia. It makes pathology service to him In the study of pelm idnwKe 
prneUeal, mid inculcate* a practice based npoo »ill*seun 

1'-' gv. it i- .iii-.'iii.i. v.-i thorough; practi- by conscientious. painstaking wort.-:.. Lit 

cat, yot seisin iiic; . ,,i,...r-i.i i vi , vet hold It is Simon in the fieid of peihologr and dlf*~ 
prohably on the table of mil gynecologists; but It diagnosis.— /a fern nf Juan' JIV"— ' ' 

Davenport's Non-Surgical Gynaecology.— Second Edition. 

Diseases of Women, a Manual of Non-Surgical GyncecolO" 

Designed especially for the Use of Students and General Practitioners. By Fh.in 
II. Davenport, M. D., Assistant in liyiin'coliik-y in the Medical I >o[>;inu.. :■ 
University. Second edition. In one l'2uio.vol. of 314 pages, with 107 illus, Cloth, (!. 
Many rduable Tolomes already eiisl on the I the actual test of eiperlence, and being rono'ei 

■ ■ --.i uneoal el 

.,l.:.,o.'.r.-.V 



■ 



rly written, coave 
>iogf aid Pir/iiatry. 



I 



May's Manual of Diseases of Women.— Second Edition. 

A Manual of thoDiseases of Women. Being s concise and syste_ 

eiptsition of the theory and practice of gynecology. By Chables II 

late House SiirEeon to Mount Sinai Hoepitsl, New York, Second edition, 

L. 8. Rau, M.D,, Attend inf- Gynecologist ai tin- Harlem Hospital, N. Y. In one 1! 

volume of 360 pages, with 31 illustrations. Cloth, f 1.75. 

rapidly but has not the time to consult li 
works. We are nrnoh struck with the re»dl 
• nd oon.enienoe -ilh whloh one can refar b 



piled Indeiaa and ample Illustrations alsoer 
the srork. This luanusl will be found " " " 
purpose? very satisfactorily.— ' 



-uo l he f f»Jt'tho l t > » 
has been called for indicates that it l> 

a favorable r...'-|.t|..r!. Hi. inroiided, (hi- ant ho 
tellstis, toaidibeslmlrnl who after having can 
(nlly perused liirir-r works ,|,.-ir-- to retio* Ih. 

sur.j.'.T, ,,n,i In.n.ll-il,:,! It univ I,.. u-cf Ih 

praotltiooer who wishes to refresh his meinorj 



I. l , KI-:i[ , !-K " 



n from the third ■ 
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Playfairs Midwifery.— New (8th) Edition. Just Ready. 

A Treatise on the Science and Practice of Midwifery. By W. S. 
Playfair, M. D., F. R. C. P., Professor of Obstetric Medicine in King's College, Lon- 
don, Examiner in Midwifery in the Universities of Cambridge and London, and to the 
Koyal College of Physicians. Sixth American, from the eighth English edition. Edited, 
with additions, by Robert P. Harris, M. D. In one handsome octavo volume of 697 
pages, with 217 engravings and 5 plates. Cloth, $4.00 ; leather, $5.00. 

treatise was readily adopted by our colleges as a 
text-book. Students therefore became familiar 
with it at once, and obstetricians have followed 



This work ha* long occupied a prominent posi- 
tion both as a text-book and book of reference in 
this country and in England. Numerous students 
have gleaned valuable suggestions from its pages, 
and ite practical character and the author's ability 
for clear and concise writing are well known. 
Taking a broad Yiew of the work, it must certainly 
be termed an admirable book.— The American 
Journal of Ob* telnet, February, 1894. 

This well-known treatise has been either a text- 
book or work of reference in most medical schools 
for the past seventeen years, and in the numerous 
editions which have appeared it has been kept 
constantly in the foremost rank of the books which 
have been written on this subject, and is a work 
which can be conscientiously recommended to the 
profession. — The Albany Med. Annate, March, 1894. 

Since 1877 Play fair has been accepted as author- 
ity in the department of obstetrics. When his 
first edition was issued it was found to be such a 
clear exposition of the subject that PI ay fair's 



it through ite several editions with interest and 
satisfaction. This work of Piayfair must occupy 
a foremost place in obstetric medicine as a safe 
guide to both student and obstetrician. It holds 
a place among the ablest English speaking author- 
ities on the obstetric art— Buffalo Medical and 
Surgical Journal, March. 1894. 

The author's object has been to place in the 
hands of his readers an epitome ol the science 
and practice of midwifery, which embodies all 
recent advances, and especially to dwell on the 
practical part of the subject, so as to make hit 
books a reliable guide to the doctor in the practice 
of this mofct important and responsible branch of 
medicine. The demand for this eighth edition of 
the work testifies to the success with which the 
author has executed his purpose— The Medical 
Fortnightly, July, 1894. 



Pairin's Science and Art of Obstetrics.— New (3d) Edition. 

The Science and Art of Obstetrics. By Theophilus Parvin, M. D., 
LL. D., Professor of Obstetrics and the Diseases of Women and Children in Jefferson 
Medical College, Philadelphia. New (third) edition. In one handsome 8vo. volume of 
about 700 pages, with about 250 engravings and a colored plate. In prets. 

King's Manual of Obstetrics.— New (6th) Edition. In Press. 

A Manual of Obstetrics. By A. F. A. King, M. D., Professor of Obstetrics- 
and Diseases of Women in the Medical Department of the Columbian University, Wash- 
ington, D. C, and in the University of Vermont, etc. New (sixth) edition. In one 12mo. 
volume of about 475 pages, with about 175 illustrations. 
A notice of the previous edition is appended. 
80 comprehensive a treatise could not be brought unnecessary ornamentation. Therefore we say 
within the limits of a book of this size were not there are nine hundred pages of matter between 
two things especially true. First, Dr. King is a . the covers of this manual of four hundred and 
teacher of many years' experience, and knows fifty pases. We cannot imagine a better manual 
just how to present his subjects in a manner for for the hard- worked student; while its clear and 
them to be best received ; and, secondly, he can practical teachings make it invaluable to the busy 
pat his ideas in a clear and concise form. In , practitioner. The illustrations add much to the 
other words, he knows how to use the English subject matter.— The National Midical Review. 
language. He gives us the plain truth, free from 

Barnes' System of Obstetric Medicine and Surgery. 

A System of Obstetric Medicine and Surgery, Theoretical and 
Clinical. For the Student and the Practitioner. By Robert Barnes, M. D., Phys- 
ician to the General Lying-in Hospital, London, and Fancourt Barnes, M. D., Obstetric 
Physician to St. Thomas' Hospital, London. The Section on Embryology by Prof. Milne* 
Marshall. In one 8vo. volume of 872 pp., with 231 illustrations. Cloth, $5 ; leather, $6. 

Davis' Obstetrics.— Preparing. 

A Treatise on Obstetrics. For Students and Practitioners. By Edward 
P. Davw, A. M., M. D., Professor of Obstetrics and Diseases of Infancy in the Philadel- 

fbia Polyclinic, Clinical Professor of Obstetrics in the Jefferson Sledical College of 
'biladelphia. In one very handsome octavo volume of 500 page?, richly illustrated. 

Landis on Labor and the Lying-in Period. 

The Management of Labor, and of the Lying-in Period. 
By Henry G. Landis, A. M., M. D., Professor of Obstetrics and the Diseases of Women 
in Starling Medical College, Columbus, Ohio. In one handsome 12mo. volume of 334 
pages, with 28 illustrations. Cloth, $1.75. 



RAMSBOTHAM'S principles and prac- 
tice OF OBSTETRIC MEDICINE AND 
SURGERY. In one octavo volume of 640 page*, 
with 64 full page plates and 43 woodcuts in the 
text. Leather. 17. 

TANNER ON PREGNANCY. Octavo, 490 pages, 
colored plates, 16 cuts. Cloth, $4.25. 



CHURCHILL ON THE PUERPERAL FEVER 
AND OTHER DI8EA8E8 PECULIAR TO WO- 
M EN. I n one 8 vo. vol. of 464 page*. Cloth, tSJO. 

LEISHMAN'S SYSTEM OF MIDWIFERY, IN- 
CLUDING THE DISEASES OF PREGNANCY 
AND THE PUERPERAL STATE. Octavo. 
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Smith on Children.— Seventh Edition. 

A Treatise on the Diseases of Infancy and Childhood. 
.1 Lzwn Smith, M. I'.. I link*! Professor of Diseases of Children in the BeM. . 

Medical College, New York. New (seventh) edition, thoroughly revised and reitrillen. 

In one handsome octavo volume of SSI pages, with 51 ilhir. Cloth, f-1.50 ; leather, (o.ift. 

We4iava always considered Pr. Smith's book as I !■ always fonwnuiio and thorough, inil ih« 

'rat if the very bei-t on the fubject. It has ilaiyi evidence of research has ' 

been preclloel-a field hook, theoretic. I where — * 
theory hu hevii deduced from practical experi- 
ence. Da liken hln theory from the bedside end 
thn pethologica) leborstory. The very praMteaJ 




I. .■.■!, iriLir"->- rewritten 

diseases not (.rev lis. 



dlreetlont for treatment 
__ particular end Ml. In do other wort ere.. 
careful inr-tniciton- given in the det«l!» of In 

Kglene end the artificial feeding of Infu. 
mfreoj Jferftfof Jt ' 



ok hu always appealed . . _.. 
ibernelertetic of Dr.Smllh is ailW. writings 

■■..■■■:.! 

■ItartMBat .-,, in vein. In 

Hi* seventh edition we note a variety of changes 
In vmnluet with the progress of tlie times It 
•tlll.lndl ff,rrn-..-l ,.- ,/. Ain-riii., I es Shook. 

Herman's First Lines in Midwifery. 

First Lines in Midwifery: a Guide to Attendance on Natu 
Labor for Medical Students and Midwives. By G. Ernest Hlkmah, M. 
F.R.C.P., Obstetric Physician to the London Hospital. In one 12mo. volume ul 
page*, with 80 ill tut rations. Cloth, f 1.25. See StudtnUs Sent* of AfawuoJs, below. 

This la ■ Utile book, Intended for the medical will pro** valuable to the beginner In mla 

I Til ill wife. 'I'll.- Hulk ill). I t-mil.l It read Hill, S.I vnr.ri.ge by It.- |r:j 



1 « possible devoid of technical terms. It F.-> Eajttfe 



old and youae,.— 7A« 



» 



Owen on Surgical Diseases of Children. 

Surgical Diseases of Children. By Edmfxd Owes, H 
Surgeon to die Children's Hospital, ' ireat Ormond Street, London. In one 12mo. 
time of 52-5 pages, with 4 chromolithograph ic plate* and 86 woodcuU. Cloth, t 
8ee Serin of Clinical Manual t, below. 

Student's Series of Manuals. 

A Series of Fifteen Manuals, for the use o'Stodenti. end Prectllioneis of Medicine end So<1 

written by ei -Ml Teacher.- ht Komi net", and ISMied In [..ok el. lie lima, volumes of SOD-MIl I 

ifchlv r!ii-ti-..n-,l in. [ «t « I. • |.|-i,..«. | I,- following volume, sro now ready: Lcrr 1 ! Xamurf i>' t 
ufrj/,12- llraMjVs ri'r.i i.'if. •: Hvlmiftrii, 51. i'; Turn' J/nn.oi o/ SvTfltrj^bimuiotts wril* 

/•inrj-i.- jr.,, (■.' ; li.i.im , ■■■ ,.■■.'.■'■.':■■■.*:; Hand's -Volerin Jferf im ns'd rifrtioro;..-, iM 

lion), It.do; !'..»:■ ■ ; ...sr jind I.oLiwono-B /Juss-fc-i' 

eni,H.M;R.li, ■ ....r.1,,13; Pnrtl'ta 

:■:■■■ ...,.:.■.■ ■..:.■■ 

Punas Jbriwit VaduiM For separate notices see Indei on lilt page. 

Series of Clinical Manuals. 

In arranging for this Series it has been ilia design of the pitriiir.hei-.iopri.tide the profes-io 

The Tolnmes oonT.Io si«iin <W" t'lHir. end urc fr-*ely llln-trsted dv I -liromi-luli.>ire|iti» en. I 
cuts. The fallowing toltime? sre now rettdv: Him .,n the A'.-fi-m ■«.! .i.b, ftflooud tM"- 
Vi.i on Food In fftnlU ■■■■ I ■ Gum * Feiwr't 

Surffery, »8 a^ : Hftcmimos on SopMlii. |2.ifi; Uinui.n lln *"!■,*!; Oiu 01 At* 
■ of CMUrsn, ti; Hnui on .v'r,.,....r,' /j ,..,.!,. . ■■ ;;,. ;,', .),„.,, fj.ii ; I'i.:k on fVorfure. ..- 
ttonj, (3; Butlih on the Tfen.a-e, (150: Tiiru on Imulinal Obitruetitw,t±; end S*hmoi 
n»l ^/;irf InWrotH, f3. The following (<■ in preparaUoDt Litis on Ditrntao! the UrttXra. 

Hartstjome's Conspectus oi the Medical Sciences. 

A Conspectus of the Medical Sciences; Containing Handis-jka 
omy, Physiology, Chemistry, Materia Medics, Practice of Mediant), Surgery and " 
By Hesbv Habtsbohke, A. M„ M. D., LL, I)., lately Professor of Hysiene in ._ 
versity of Pennsylvania. Second edition, thoroughly revised and greatly improved 
one large royal i2mo. vol. of 1038 iiages, with 477 illus. Cloth, H25; leather, JS.00. 

Physician to the Philadelphia Hospital. «t 
Third edition, thoronebly revised, and Etsssls 

.■ 
...» inc. iMib J7.llllu-lrsii.iiis. I loll., M J5 ; leatherjSTe. 
edition, re- WF.ST IN SOME |l Isriltl 'FUS lI : 
wolumeoi firs s^ I KM IN CHIl.t-Ht 'OH. Inonr-tn.ll 
Tfgoaire. fHoth, »l.2S ; leather, ffi.ai. 1'Jm-i. volume of 1ST pues. Cloth. Sim. 

l.rr.I/nv-; M.\.vr\l. i iF KXAMiv.iTHi^s, ,1 WINCKF.I-'S COMPLETE T1;RM"ISF. t.iS , FIE 
['ATH(U,(.«.V AN 1 1 TREATM EST OF COlLIfr 
I'.Ki'. For^iiid.-niH mi. I I'nctitlooers, Tren^ 
luted from the in-.ind l.ermln edition. M .1 Ft 
Chadwicw, M. D. Octavo 4S1 page*. Cloth. K** 



Ll. I .Hi.-r)i. 

w"a mak.... 

■ ■ ! Ifnifiiri.tio,:. n,...„ Snslomy.Phyil- 
■ i ' ,. ■■:■ lae, Obstetrics, 

•■i ,!.■:■■ i Hadtea, I M stry, Ptarn aoy . - 1 . ■ l 

Tocranentic". To which is sdded n Medical 
Formulsry. By J. L. LVBt>>«,M. l),,Gon»nW08'i 
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Taylor's Medical Jurisprudence.— Twelfth Edition. 

A Manual of Medical Jurisprudence. By Alfred 8. Taylor, M. D., 

Lecturer on Med. Jurisprudence and Chemistry in Guy's Hosp., London. New American 

from the 12th English edition. Thoroughly revised by Clark Bell, Esq., of the New 

York Bar. In one octavo volume of 787 pages, with 56 illus. Cloth, $4.60; leather, $5.50. 

This is a complete revision of all former Ameri- into the criminal courts. The editor has given to 
can and English editions of this standard book, two professions a reference-book to be relied upon. 
This edition contains a large amount of entirely —The American Journal of the Medical Science*. 



new matter, many portions of the book haying 
been rewritten by the editor. Many cases and 
authorities have been cited, and the citations 
brought down to the latest date. The book has 
Ions been a standard treatise on the subject of 
medical jurisprudence, and has gone through 
many editions— twelve English and eleven Ameri- 
can. Mr. Clark Bell has enlarged and improved 
what already seemed complete, by bringing his 
many citations of cases down to date to meet the 
present law ; and by adding much new matter he 
has famished the medical profession and the bar 
with a valuable book of reference, one to be relied 
upon in dally practice, and quite up to the present 
need.*, owing to its exhaustive character. It 
would seem that the book is indispensable to the 
library of both physician and lawyer, and particu- 
larly the legal practitioner whoee duties take him 



No library is complete without Taylor's Medical 
Jurisprudence, as its authority is accepted and un- 

Suestioned by the courts. — Buffalo Medical and 
urgical Journal. 

There is no other work upon the subject whioh 
ha* been so uniformly recognised or so widely 
quoted and followed by court** in England and this 
country. This eleventh American edition l* fully 
abreast with the most recent thought and knowl- 
edge. On the basis of his own researches, of the 
investigations of scientists throughout the world, 
and of the decisions of our own courts, Mr. Bell 
has incorporated in it a wealth of practical sug- 
gestion and .instructive illustration which cannot 
fail to strengthen the hold it has so long had 
upon the profession.— The Criminal Law Magazine 
and Reporter. 



By the Same Author. 
Poisons in Relation to Medical Jurisprudence and Medicine. Third 
American, from the third and revised English edition. In one large octavo volume of 788 
pages. Cloth, $5.50; leather, $6.50. 

Lea's Superstition and Force.— New Edition. Just Ready. 

Superstition and Force: Essays on The Wager of Law, The 
Wager of Battle, The Ordeal and Torture. By Henry Charles Lea, 
LL. D., New (4th) edition, revised and enlarged. Royal 12mo., 629 pages. Cloth, $2.75. 



Both abroad and at home the work has been 
accepted as a standard authority, and the author 
has endeavored by a complete revision and con- 
siderable additions to render it more worthy of 
the universal favor which ha* carried it to a 
fourth edition. The style is severe and simple. 
and yet delights with its elegance and reserved 
strength. Tne known erudition and fidelity of 
the author are guarantees that all possible origi- 
nal sources of information have been not only 
eonsulted but exhausted. The subject matter is 



handled in such an able and philosophio man- 
ner that to read and study it is a step toward 
liberal education. It is a comfort to read a book 
that is so thorough, well conceived and well done. 
We should like to see it made a text-book in our 
law schools and prescribed course for admission 
to the bar.— Legal Intelligencer. 

A work as remarkable for the wealth of histori- 
cal material treated as for the masterly style of 
the exposition.— London Saturday Review. 



By the same Author. 
Chapters from the Religious History of Spain.— In one 12mo. volume 
of 522 pages. Cloth $2.50. 



The width, depth and thoroughness of research 
which have earned Dr. Lea a high European place 
as the ablest historian the Inquisition has yet 
found are here applied to some side-issues of that 
great subject We have only to say of this volume 



that it worthily complements the author's earlier 
studies in ecclesiastical history. His extensive 
and minute learning, much of it from in edited 
manuscripts in Mexico, appears on every page.— 
London Antiquary. 



By the same Author. 
The Formulary of the Papal Penitentiary. In one 8vo. volume of 219 
pages, with a frontispiece. Cloth, $2.50. Just Ready. 

By the Same Author. 
Studies in Church History. The Rise of the Temporal Power— Ben- 
efit of Clergy— Excommunication— The Early Church and Slavery. Sec- 
ond and revised edition. In one royal octavo volume of 605 pages. Cloth, $2.50. 



The author is preeminently a scholar: 1 
p every topic allied with the leading th< 



he takes 
up every topic allied with the leading theme and 
traces it out to the minutest detail with a wealth 
of knowledge and impartiality of treatment that 
compel admiration. The amount of information 
compressed into the book is extraordinary, and 
the profuse citation of authorities and references 



makes the work particularly valuable to the student 
who desires an exhaustive review from original 
sources. In no other single volume is the develop- 
ment of the primitive church traced with so much 
clearness and with so definite a perception of 
complex or conflicting forces.— Boston Traveller. 



By the Same Author. 

An Historical Sketch of Sacerdotal Celibacy in the Christian 

Church. Second edition, enlarged. In one octavo volume of 685 pages. Cloth, $4.50. 

This subject has recently been treated with very more light on the moral condition of the Middle 

great learning and with admirable impartiality by Ages, and none which is more fitted to dispel the 

an American author, Mr. Henry G. Lea, in his H%»- gross illusions concerning that period whioh poet- 

iary of Saceraotai Celibacy, which Is certainly one tive writers and writers of a certain ecclesiastical 
of the most valuable works that America has pro- , school have conspired to sustain.— Lecky't History 

duced. Since the great history of Dean Milman, of European Morale, Chap. V. 
I know no work in English which has thrown 
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